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7.5M.1.3.1
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“contrails, aviation induced cirrus aerosols,”
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“contrails and aviation-induced cirrus, aerosols,”

7SM

7.5M.1.3.1

6.5

Replace “ACCMIP” with “AeroCom”

7SM

7.5M.1.3.1

6.131t06.16

Delete the sentence “Newer CMIP6 model results were not used as fewer
model results are available and the complexity of aerosol schemes and
internal mixing in these models makes attribution of aerosol forcing to
precursors more difficult than in CMIP5-era models. »

7SM

7.5M.1.3.1

6:13

Replace “Newer CMIP6 model results were not used as fewer model results
are available and the complexity of aerosol schemes and internal mixing in
these models makes attribution of aerosol forcing to precursors more difficult
than in CMIP5-era models” by “Section 7.SM.1.3.2 explains the rationale for
choosing these coefficients.”

7SM

7.5M.1.3.2

7:53

After sentence “...to generate the time series of ERFari.” insert “These
forcing contributions are based on modelling results from Myhre et al.
(2013a), with scalings and uncertainty ranges for each component selected
such that the total ERFari assessment of —0.3 £ 0.3 W m2 is preserved.
These estimates of per-species ERFari are independent of the headline
assessments in Chapter 6, and differ particularly for BC (Section 6.4.2)
where total BC ERFari is assessed to be +0.145 W m-2. The emulators in
Chapter 7 are run with more positive ERF values for BC and more negative
values for OC, SO, and NHs to preserve the assessed uncertainty range for
total ERFari while maintaining a Gaussian uncertainty distribution for the
forcing contribution from each species. As many aerosol precursors are co-
emitted, the stronger best-estimate contributions per species used here
offset each other and the time evolution and present-day values of total
ERFari are broadly consistent between Chapter 6 and Chapter 7. It should
be re-iterated here that the Chapter 7 values are not per-species
assessments of ERFari and are used for the calibration and projection of
climate in emulators.”

7SM

7.5M.1.4

8:14

Replace “4.36” by “4.35”

7SM

7.5M.1.4

10:4

Replace “4.36” by “4.35”

7SM

7.5M.2.2

11:36

Insert “SPM Figure 4b,” before “Chapter 1"

7SM

7.5M.2.4

12:53

Insert new subsection 7.SM.2.4:
“7.SM.2.4 Supporting information for SPM Figure 4b

A similar exercise was performed for the anthropogenic contributions to
future warming shown in SPM Fig. 4b. As no natural forcing is included in
this exercise, a long pre-industrial spin-up is not required and only the period
1750-2100 was run using the constrained two-layer model. As in Section
7.5M.2.3, 2,237 ensemble members are used, sampling the full assessed
uncertainty ranges in effective radiative forcing and climate response. In
these simulations, the baseline case is all anthropogenic forcing, with one
component removed at a time and the differences in warming reported.
Contributions to future warming are reported for CO,, other non-CO,
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greenhouse gases (including ozone and stratospheric water vapour from
methane oxidation), and other anthropogenic components. The latter
category includes aerosols, land-use change, contrails and light-absorbing
particles on snow and ice. The analysis is performed for SSP1-1.9, SSP1-
2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. Temperature projections are
reported for 2081-2100 relative to a 1850-1900 baseline.”
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replace with “https://github.com/IPCC-WG1/Chapter-7”
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7.SM.1 Effective Radiative Forcing
7.SM.1.1 Simplified expressions for greenhouse gases

In Section 7.3.2 and Table 7.5, simplified expressions for the stratospheric-temperature-adjusted radiative
forcing (SARF) are used to convert greenhouse gas (GHG) concentrations to radiative forcing. AR5 (Myhre
et al., 2013b) used relationships first introduced in Myhre et al. (1998), providing a logarithmic dependence
of carbon dioxide (CO2) SARF on CO. concentrations, and square root dependencies of methane (CH4) and
nitrous dioxide (N2.O) SARF on CH4 and N2O concentrations. The CH4 and N2O relationships accounted for
band overlaps between these gases. These simplified expressions for SARF were revised in Etminan et al.
(2016) using updated spectroscopic data. The most notable changes were a substantial revision in the
methane RF of about +25% to account for previously neglected shortwave effects (Section 7.3.2.2) and
inclusion of the mutual band overlap between carbon dioxide and nitrous oxide (Section 7.3.2.1). In Etminan
et al. (2016), calculations from the Oslo line-by-line (LBL) radiative transfer model were conducted for 48
cases that co-varied concentrations of carbon dioxide, methane and nitrous oxide that-spanned values from
180-2000 ppm CO,, 340-3500 ppb CH,4 and 200-525 ppb N2O. These ranges were selected to cover the
minimum observed from ice core records during the Last Glacial Maximum to the maximum projected.in the
RCP8.5 scenario in the future (Meinshausen et al., 2011b; Riahi et al., 2011). Simplified relationships
linking concentrations of CO,, CH. and N,O to the SARF from each gas, including overlaps, were provided
from these 48 different cases that fit the original line-by-line results within a few percent.

A more accurate but complex functional fit was provided in Meinshausen et al.(2020) tothe 48 Oslo LBL
cases in Etminan et al. (2016). Two main advantages to the Meinshausen et al. (2020)fit are (i) the reduced
error in the new fits to the original Oslo LBL results (maximum 0.11% for the CO- cases compared to 3.6%
in Etminan et al. (2016)) and (ii) the extension of thewalid range of the fits.to CO» concentrations above
2000 ppm, which occurs in SSP5-8.5 in the future (thoughnot RCP8.5)..0ne drawback to the Meinshausen
et al. (2020) fit compared to the original Etminan et'al. (2016) fit is that.the former is defined with respect to
1750 greenhouse gas concentrations, and requires a re-calculation of the coefficients to use baseline
concentrations that are different from this;, whereas'the Etminan et al. (2016) fit is valid for any baseline
concentration within their stated validity range (180-2000 ppm CO>, 340-3500 ppb CH,, 200-525 ppb
N20). In general, AR6 and Chapter<7 in.particular reports SARF and effective radiative forcing (ERF)
relative to a 1750 baseline, negating this possible drawback;.and so the Meinshausen et al. (2020)
relationships are used for computing SARF and ERF throughout Chapter 7 and in Annex Ill. The
relationships converting concentrations to SARF are shown in Table 7.SM.1. For halogenated greenhouse
gases with concentrations in.the ppt range;"SARF remains a linear function of concentrations, as in ARS.

[START TABLE 7.SM.1 HERE]
Table 7.SM.1: Simplified expressions.to compute radiative forcing (RF) from concentrations of greenhouse gases

(Myhre et<al., 1998; Meinshausen et al., 2020). C, N and M refer to concentrations of CO, in ppm,
N0 in ppb and CH4 in ppb, respectively.

Gas Radiative forcing (SARF) simplified expression Coefficients
CO2 N Lo _ by a; = —2.4785 % 1077 W m=2 ppm2
@max — “0 2, b; = 7.5906 x 10~* W m=2 ppm?
( b2 ¢ = —2.1492 x 1073 W m2 ppb 12
dy Tia C> Copay d; = 5.2488 W m2
“= dy + a1 (C — Cp)? + by (C = Co), Co<C<Cq,,, Co = 277.15 ppm
l dl' C < Co
aN,0 = C1\/ﬁ
c
SARFCO2 = ((l’ + aNzo) -In (_)
Co
NZO SARFNZO = (az\/f + bz\/ﬁ + sz + dz) . (\/N - ‘/No) a; = —3.4197 x 10_4 W m72 ppm71
b, = 2.5455 x 10~* W m? ppb!
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¢, = —2.4357 x 107* W m=2 ppb!
d, = 0.12173 W m2 ppb12
N, = 273.87 ppb

CHa SARFeyy, = (a3VM + byVN + d3) - (VM — /M) as = —8.9603 x 10~5 W m2 ppb .
by = —1.2462 x 10™* W m2 ppb?
d; = 0.045194 W m2 ppb 12

M, = 731.41 ppb

Halogenated | SARFy = ex(X — X,) X and X, in ppb

compounds ey is radiative efficiency (W m=2 ppb?)
and other (Table 7.SM.7)

minor

GHGs

[END TABLE 7.SM.1 HERE]

7.SM.1.2 Effective radiative forcing from a doubling of CO;

In Section 7.3.2.1, the ERF from a doubling of CO; (AF,xco2 = 3.93 W m~2) is defined relative to 1750 CE
concentrations of CO; assessed in Chapter 2 (Co = 278.3 ppm) and N2O (Ng:= 270:1 ppb) using.the
Meinshausen et al. (2020) fits (Table 7.SM.1) to calculate SARF of 3,75 W.m"2 and then adding an
additional 5% for tropospheric adjustments (Section 7.3.2.1; Table.7.3). Using the Etminan etal. (2016) fits
with the same baseline concentrations (Co = 278.3 ppm, No = 270.1 ppb) results in-a SARF of 3.80 W m~2
and an ERF of 3.99 W m2 (Table 7.SM.2). The simplified expressions are used-as no specific line-by-line
experiment was performed for a doubling of CO, from abaut 1750 concentrations in Etminan et al. (2016).

Alongside the choice of simplified expression, the baseline CO, and N,O concentrations also has an impact
on the SARF and ERF from a doubling of CO- (Table 7.SM.2). Using 1850 CE baselines results in ERF
values that are close, but not exactly the same,as using 1750 CE baselines (Table 7.SM.2). Using a present-
day baseline results in estimates of SARF and ERF from a doubling of CO, that are about 1% greater than
the 1750 or 1850 values (Table 7.SM.2)..The2850'baseline‘is significant as it the reference pre-industrial
state for CMIP6 experiments, including the abrupt4xCO2 and 1pctCO2 experiments used to estimate ECS
and TCR from climate models. It should.be noted that the 1pctCO2 experiment design relies on a logarithmic
increase in CO, SARF with coneentration to estimate. TCR (Gregory et al., 2015), and both the Etminan et al.
(2016) and Meinshausen et al. (2020) SARF formulas are super-logarithmic with increasing CO;
concentrations.

[START TABLE7.SM.2 HERE]
Table 7.SM.2:  Computed values of the:SSARF of a doubling of CO; using the relationships in Etminan et al. (2016)

and Meinshausen et al.((2020), and the ERF from a doubling of CO; (assessed to be SARF + 5% in
Section 7.3.2.1), from different baseline concentrations of CO; and N.O, and compared to SARF in

ARS.
CO2 N20 SARF SARF ERF SARF 2xCOz ERF 2xCO; Baseline year
concentration | concentration | 2xCOz 2xCO2 2xCO2 (Meinshausen (Meinshausen | for GHG
(ppm) (ppb) AR5 (Etminan | (Etminan | etal., 2020) et al., 2020) concentrations
(Myhreet | etal, etal.,
al., 2013b) | 2016) 2016)
278.3 270.1 3.71 3.802 3.992 3.747 3.934 1750 (Chapter
2 assessment)
277.15 273.87 3.801 3.991 3.746 3.933 1750
(Meinshausen
et al., 2020)
284.32 273.02 3.804 3.994 3.749 3.937 1850 used in
CMIP6 model
integrations
(Meinshausen

Do Not Cite, Quote or Distribute 7SM-4 Total pages: 52



oONO U WN -

Final Government Distribution 7.5M IPCC AR6 WGI

etal., 2017)
389 323 3.837 4.029 3.790 3.980 2011 (Etminan

etal., 2016)
409.85 332.09 3.844 4.036 3.798 3.988 2019 (Chapter

2 assessment)

[END TABLE 7.5SM.2 HERE]

7.SM.1.3 Historical (1750-2019) effective radiative forcing time series
7.5M.1.3.1 Best estimate historical time series

The historical ERF time series describes how the best estimates of changes in climate drivers translates to
ERF for 1750 to 2019. The time-evolution of ERF is reported separately for CO,, CH4,'N-O, other well-
mixed greenhouse gases (WMGHGs), ozone, stratospheric water vapour from methane-oxidation, contrails
and aviation-induced cirrus, aerosol-radiation interactions, aerosol-cloud interactions, light-absorbing
particles on snow and ice, land-use change, volcanic, and solar. The contributions from 49 halogenated
GHGs comprising the “other well-mixed greenhouse gases” category are furtherreported individually. Data
is published in Annex III.

For CO2, CH4 and N2O, the SARFs are calculated using time-dependent best-estimate.concentrations of
these gases from Chapter 2 using the formulae in Table 7.SM:1 and using concentrations‘from Chapter 2 in
1750 CE as baselines (Co = 278.3 ppm, No = 270.1 ppb, Mg = 729.2 ppb). Tropospheric adjustments of +5%
for CO,, —14% for CH4 and +7 % are then added to these SARF values to produce ERF (Section 7.3.2). For
49 halogenated greenhouse gases, concentration changes since 1750 are used combined with radiative
efficiencies detailed in Table 7.SM.7 to derive SARF (Table 7.SM.1). Accounting for tropospheric
adjustments adds +13% and +12% to CFC-11.and CFC-12 respectively when moving from SARF to ERF.
No tropospheric adjustments are assumed for other halogenated-species (Section 7.3.2.4).

For historical ozone forcing, the time.series from 1750 to 2020 from Skeie et al. (2020) is adopted, using the
multi-model mean ERF from six independent Earth System and chemistry-climate models (BCC-ESM1,
CESM2-WACCMS6, GFDL-ESM4, GISS-E2-1-H;MRI-ESM2-0 and Oslo-CTM3) that used CMIP6
precursor emissions and interactively calculated ozone burdens using full stratospheric and tropospheric
chemistry schemes. From the original 12 models reporting results in Skeie et al. (2020), CNRM-CMB6,
CNRM-ESM2-1 and E3SM1-0 were excluded:as they do not include full stratospheric and tropospheric
chemistry, only the first out.of the similar models CESM2-WACCM®6 and CESM2-CAM®6 were used, the
input4MIPs forcing-estimate (Checa-Garcia et al., 2018) was excluded as it did not use CMIP6 precursor
emissions, and UKESM-1-0-LL was excluded for having implausible time evolutions of stratospheric 0zone
that resulted.in negative total ozone ERF estimates for 2010 relative to 1850. The extrapolations for the
1750-1850 and 20102020 periods.(run beyond 2014 using SSP2-4.5) came from a single model (Oslo-
CTMB3) and results were used up to and including 2019. Stratospheric water vapour from methane oxidation
is treated a linear scaling of the‘methane ERF and scaled to the 1750-2019 assessment of 0.05 W m2
(Section 7.3.2.6).

Several forcing categories (contrails, aviation-induced cirrus aerosols, and black carbon on snow) are derived
from global‘annual emissions totals of short-lived climate forcers. For the best estimate of historical
emissions from+1750 to 2019, the 11 September 2020 version of the Community Emissions Data System
(CEDSYis used (Hoesly et al., 2018), obtained from https://doi.org/10.5281/zenodo.4025316. CEDS
provides emissions of black carbon (BC), organic carbon (OC), sulphur dioxide (SO2), ammonia (NH3),
nitrogen oxides (NOx), carbon monoxide (CO) and non-methane volatile organic compounds (NMVOC)
from the fossil fuel, industrial and agricultural sectors. Biomass burning emissions are used from the
BB4CMIP dataset (also used for CMIP6 model integrations, from Van Marle et al. (2017)), aggregated into
global annual totals. The SSP2-4.5 scenario projection from BBACMIP is used for 2015-2019.

ERF from contrails and aviation-induced cirrus uses global aviation NOx emissions as a predictor of aviation
Do Not Cite, Quote or Distribute 7SM-5 Total pages: 52
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activity following Smith et al. (2018a), and scaled to the 2018 ERF best estimate of 0.0574 W m~2 from Lee
et al. (2020).

ERF from aerosol-radiation interactions (ERFari) was calculated by converting emissions of BC, OC, SO-
(representing sulphate aerosol) and NHjs (representing nitrate aerosol) to forcing using CMIP5-era ACCMIP
multi-model mean contributions for each species from Myhre et al. (2013a) and scaled to obtain the
assessment of —0.3 W m for ERFari which is applied to the 2005-2014 decade. ERFari was calculated
using a simple linear relationship to emissions of BC, OC, SO, and NHs (Egc, Eoc, Esoz, Enuz):

ERFari = BBCEBC + BOCEOC + BSOZESOZ + ﬁNH3ENH3 Equation 7.5M.1.1

The B coefficients are selected to represent ERFari contributions of +0.3 W m~2 from black carbon, -0.4 W
m~2 from sulphate, ~0.09 W m~2 from organic carbon and —0.11 W m~2 from nitrate over the 2005-2014
decade, which translates to radiative efficiencies of fgc = 50.8 MW yr m2 MtC 2, Boc =-6.21 mW yrm
MtC?, Bsoz = —3.62 mW yr m2 MtSO; 2, and Byps = —2.08 mW yr m2 MtNHs1. Newer CMIP6 ‘model
results were not used as fewer model results are available and the complexity of aerosol schemes and internal
mixing in these models makes attribution of aerosol forcing to precursors more difficult than'in CMIP5-era
models.

ERF from aerosol-cloud interactions (ERFaci) is modelled as a logarithmicfunction of emissions of SO,, BC
and OC following Smith et al. (2018a):

ERFaci = —ﬁ ln(l + ESOZ/SSOZ + (EBC+OC/SBC+OC)) Equation 7.5M.1.2

Eq. (7.SM.1.2) is based on the offline model of Ghan et al. (2013) using.a functional form developed by
Stevens (2015) with the inclusion of a carbonaceous aerosol term than can influence ERFaci. Eq. (7.SM.1.2)
was tuned to 11 CMIP6 models that provided historical time-varying (1850-2014) ERFaci estimates and a
parameter set of 8, sgg, and sgc Was obtained for each CMIP6.model. The parameter tunings from these 11
models were used to generate distributions using kernel density estimates from which 100,000 sample
members were drawn and 100,000-candidate ERFaci time series were produced. The best estimate ERFaci
time series is taken from the median of this 100,000-member ensemble, and then scaled to the assessed
ERFaci of 1.0 W m~2 for 1750 to 2005-2014.

ERF from light-absorbing particles on snow is linear with BC emissions and scaled to the 1750-2019 ERF
assessment of 0.08 W . m,

ERF from land-use change is broken down into an albedo component and an irrigation component. The
albedo component follows the historical ERF time series from Ghimire et al. (2014) from 1700 to 2005, and
is extended forward to 2019 using cumulative land-use related CO; emissions from the SSP Historical and
SSP2-4.5 scenarios. This follows'the treatment in Smith et al. (2018a) and assumes that land-use related CO»
is closely related to deforestation and albedo change. The 1750-2019 assessment of —0.15 W m2 is then
applied to the time series. The ERF from irrigation, assessed to be —0.05 W m-2 for 1750-2019 (Sherwood et
al., 2018), scales with the albedo component.

All anthropogenic components of the ERF described above are expressed relative to a 1750 baseline.

Natural forcings comprise solar changes and volcanic eruptions (forcing from galactic cosmic rays is
assessed to be negligible, Section 7.3.4.5). Volcanic ERF is derived from stratospheric aerosol optical depth
(SAOD) using a conversion of —20 x ASAOD (Section 7.3.4.6), or ERF = 20 x SAOD + 0.2582 W m™?
using absolute SAOD where SAOD is nominally taken at 550 nm wavelength. The SAOD conversion to
ERF is expressed as an anomaly in SAOD relative to the 500 BCE to 1749 CE mean, so that the mean
volcanic ERF for 500 BCE to 1749 CE is zero. This is in order that the long-term mean GSAT change from
pre-industrial volcanic forcing alone is zero, avoiding a spurious cooling effect when applying the volcanic
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time series from 1750 onwards to projections in a climate emulator (e.g. Section 7.SM.2). This convention
means that volcanically quiescent years experience a volcanic ERF of up to +0.2 W m (even volcanically
guiescent years have some level of background stratospheric aerosol, so volcanic ERFs approaching the
offset value of +0.2582 W m~2 are not seen). CMIP6 uses a similar prescription for volcanic forcing in
ESMs, by applying a constant background climatology of SOAD for piControl and ScenarioMIP runs that is
based on the historical (1850-2014) mean SAOD (Eyring et al., 2016).

The SAOD time series is derived from a composite of three datasets: eVolv v3 (Toohey and Sigl, 2017) for
500 BCE to 1900 CE, CMIP6 for 1850 to 1989, and GIoSSAC v2 (Kovilakam et al., 2020) from 1979 to
2018. SAOD from GIoSSAC v2 is reported at a wavelength of 525 nm and has been converted to 550 nm
using an Angstrém exponent of —2.33 (Kovilakam et al., 2020). The 2018 volcanic ERF is repeated for 2019.
The 1850 to 1900 overlap is performed by linearly ramping down the eVolv v3 dataset and linearly ramping
up the CMIP6 dataset. The CMIP6 and GIoSSAC v2 data are ramped over the 1979 to 1989 period. In both
cases the correspondences between overlapping periods is good.

Solar ERF is calculated using the change in total solar irradiance (TSI) where TSk.is taken from the C
SATIRE-M reconstruction from PMIP4 (Jungclaus et al., 2017) and converted to ERF using % x 0.71.x 0.72
x ATSI (Section 7.3.4.4). The baseline for TSI is the mean TSI from 6754'BCE to 1744 CE;'which
encompasses complete solar cycles in the proxy reconstructions before1750.

Aerosols and solar ERFs in 2019 both differ from the headline assessments given in Sections 7.3.3 and
7.3.4.4 respectively. For aerosols, the assessment in Section 7.3.3.0f —1.3 + 0.7 W m:2 is.valid for 1750 to
about 2014, as less evidence is available for trends in how aerosol forcing has evolved.in more recent years.
The emissions-based time series provides a best-estimate aerosol ERF for 1750-2019 of —1.06 W m2, less
negative than the 1750-2014 assessment, owing to a.recent decline in precursor emissions since around 2005
from the CEDS dataset and supported by other studies (Paulot et al., 2018; Kanaya et al., 2020). For solar
ERF, the Chapter 7 assessment of +0.01 + 0.07.\WW'm2 is for the 6754 BCE to 1744 CE pre-industrial period
to the 2009-2019 solar cycle. The single year 2019, corresponding to.a solar minimum, has a solar ERF

of —0.02 W m~2 relative to this pre-industrial baseline.

7.SM.1.3.2 Uncertainties in the-historical best estimate time series

The uncertainty in the historical ERF time series was generated with a 100,000-member Monte Carlo
ensemble. The forcing components where uncertainty ranges are assumed to be symmetric and Gaussian in
their assessments in Section.7.3'have a.scale factor drawn from a Gaussian distribution with mean of unity
and 5-95% uncertainty range determined as a fraction of the best estimate ERF. The forcing components
with symmetric uncertainty ranges.are CO- (fractional 5-95% uncertainty 0.12 of the best estimate), CH.
(0.20), N20 (0.16), halogenated gases(0.19 on the basis that the majority are “long-lived”), ozone (0.50),
stratospheric water vapour (1.00), land use change (0.50) and volcanic (0.25). Contrails (and aviation-
induced cirrus) and light-absorbing particles on snow and ice have asymmetric uncertainty ranges and the
fractional uncertainty was determined by considering ranges below and above the best estimate separately,
by dividing the 5™ percentile by the best estimate to derive the lower uncertainty range and the 95 percentile
by the best estimate to-determine the upper range, treating them as two halves of a Gaussian distribution. In
each ensemble'member the sampled uncertainty scale factor for each component of the forcing is applied to
the whole time series.

For aerosols, the ERFari and ERFaci are treated independently. ERFari uncertainty is developed by sampling
the radiative‘efficiency coefficients Bgc, Boc, Bsoz and Byus in EQ. (7.SM.1.1) as Gaussian distributions
with 5-95% ranges uncertainties of 0.67, 0.78, 0.50 and 0.44, yielding contributions to ERFari of +0.3 + 0.2
W m2for BC, -0.4 + 0.2 W m2 for sulphate, -0.09 + 0.07 W m2 for OC and -0.11 + 0.05 W m2 for nitrate
for the 2005-2014 mean with respect to 1750. Each precursor species is sampled independently and the
historical emissions from the CEDS database are used to generate the time series of ERFari. For ERFaci, the
100,000 generated time series described in Section 7.SM.1.3 are used with one additional step to scale each
ERFaci candidate time series to a 2005-2014 mean ERFaci of 1.0 + 0.7 W m2 with respect to 1750. This
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effectively rescales the S coefficients in each ensemble member in Eq. (7.SM.1.2) .

The 5-95% range of anthropogenic ERF of 1.96-3.48 W m~ (Table 7.8) for 1750-2019 is determined from
the 5™ and 95™ percentiles of the year 2019 anthropogenic ERF in this 100,000 member ensemble.

For solar forcing, a 0.50 fractional uncertainty was applied to the amplitude of the solar cycle, and a linear
1750 to 2019 trend of +0.07 W m2 (5-95%) range was added to this to represent the uncertainty in the
change in the underlying solar forcing (Section 7.3.4.4).

7.5SM.1.4 SSP and RCP effective radiative forcing time series

A similar method to the process described in Section 7.SM.1.3 is used to derive the ERF time series in RCP
and SSP scenarios to 2500 (Annex I11; Figure 4.36; Chapter 6; Chapter 9). From 1750 to 2014 the best
estimate and uncertainty SSP projections ERF time series and the historical ERF time-series described are
identical. The SSPs diverge from each other, and from the historical best estimate;.in'2015. For SSPs, the set
of eight Tier 1 and Tier 2 scenarios defined by ScenarioMIP are assessed (SSP1-1.9, SSP1-2.6; SSP4-3.4,
SSP5-3.4-over, SSP2-4.5, SSP4-6.0, SSP3-7.0 and SSP5-8.5). In addition two variants of SSP3-7.0 used
primarily by AerChemMIP are presented: one where short-lived climate forcers are set to emissions factors
consistent with strong air-quality controls that are broadly consistent with SSP1-levels of mitigation, SSP3-
7.0-lowNTCEF (Collins et al., 2017), plus a further variant of SSP3-7.0-lowNTCEF that.also takes into account
methane mitigation alongside other short-lived forcers, SSP3-7.0-lo0wNTCFCH4 (Allenet al., 2021).

For 2015 to 2020, a linear transition between the concentrations of well-mixed greenhouse gases provided by
Chapter 2 and the SSP greenhouse gas concentrations.from Meinshausen et al. (2020) is performed. From
2020 onwards concentration projections from Meinshausen et al. (2020).are used. The correspondence
between the Chapter 2 assessed time series and‘Meinshausen et al.. (2017) dataset used for the CMIP6
historical experiment is good, with a maximum:difference of 0.6% from 1850-2014 for the main three
greenhouse gases and 1.4% for N2O in 1750 (the slight 1750.concentration differences affects the 2xCO,
forcing in the third decimal place; see Table 7.SM.2).

For purely emissions-based forcing estimates (aerosols, contrails and aviation-induced cirrus, and black
carbon on snow), a similar 5-year transition between 2015 and 2020 is performed for fossil fuel, industrial
and agricultural emissions.-The best-estimate historical emissions to 2019 are provided in the 11 September
2020 version of the CEDS database (https://doi.org/10.5281/zenodo0.4025316) and the SSP scenario
projections used v5.1/0f the RCMIP dataset (obtained from https://doi.org/10.5281/zenodo.4589756;
Nicholls et al., (2020)).that provides-consolidated regional and sectoral annual emissions totals from the
CMIP6 SSP emissions.datasets (\Velderset al., 2015; Gidden et al., 2019; Meinshausen et al., 2020).
Biomass burning emissions are/used from the SSP emissions projections from Van Marle et al. (2017). The
same parameter sets from the historical ERF estimate and 100,000 member Monte Carlo ensemble are used
to derive the future ERFs{rom aerosols, contrails (and aviation-induced cirrus) and black carbon on snow,
using the SSP emissions projections.

Future ozone forcing for SSP projections differs from the historical treatment and is based on emissions of
short-lived forcers and.concentrations of ozone-depleting greenhouse gases (Section 6.4). To generate the
best-estimate projection, the historical time series in Skeie et al. (2020) is matched to emissions-driven
estimates of ozone ERF from AerChemMIP models (Thornhill et al., 2021b), displayed in Table 7.SM.3 that
sums to.+0.37 W m for 1850 to 2014. There is a temperature-dependent feedback on ozone ERF of —0.037
W m2 °C=Lfor CMIP historical runs (this differs from the assessment in Section 6.4 of -0.064 W m™ °C*
which is based on abrupt4xCO2 experiments, as it includes the effects of the lightning NOx and BVOC
feedbacks that act to reduce the magnitude of the temperature-ozone feedback (Thornhill et al., 2021a)). As
five of the six Earth System Models run in Skeie et al. (2020) considered in the ERF ozone assessment were
CMIP historical runs (all except Oslo-CTM3) and simulated the increase in historical GSAT over time, they
implicitly included this feedback and as such the —0.037 W m °C* feedback it is subtracted from the
transient ozone ERF in these five models, using GSAT time series assessed in Chapter 2, to produce a “zero-
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feedback” estimate of ozone forcing from 1850 to 2014 of +0.47 W m. To apply the emissions precursors
to the overall time series, they are scaled by a factor of 1.27, derived from a ratio of the zero feedback
estimate from Skeie et al. (2020) to the best estimate from the sum of precursors from Thornhill et al.
(2021b) (0.47/0.37) to produce radiative efficiencies for each species (Table 7.SM.3).

[START TABLE 7.SM.3 HERE]

Table 7.SM.3:  ERF from ozone precursors in AerChemMIP experiments (Thornhill et al., 2021b), and radiative
efficiencies derived for emissions-based SSP pathways. The contributions for CO + NMVOC are not
separated in Thornhill et al. (2021b) so the ratio of CO : NMVOC from CMIP5 ACCMIP experiments
is used (Stevenson et al., 2013). “Concentrations” of ozone-depleting halocarbons (ODHS) are
expressed in equivalent effective stratospheric chlorine in ppt.

species Contribution to ozone Scale factor to Radiative efficiency for ozone
ERF 1850-2014, W m2 reproduce 1850- ERFE
(Stevenson et al., 2013; 2014 ozone ERF in
Thornhill et al., 2021b) Skeie et al. (2020),
after subtracting
temperature
feedback
CHa4 +0.14 + 0.05 1.27 Bcua = 0.175.£ 0.062 mW m
ppb™
N20 +0.03 £ 0.02 Bnzo =0.710 + 0.062 mW m2
ppb*
Ozone-depleting -0.11+£0.10 Bopu =-0.125+0.113 mW m
halocarbons (ODH) ppt?
(6{0) +0.07 £ 0.06 Bco =0.155+0.131
mW m2 MtCO* yr
NMVOC +0.04 £ 0.04 Bnmvoc = 0.329 + 0.328 mW
m-2 MtNMVOC* yr
NOXx +0.20 £0.11 Brnox = 1.797 £ 0.983 mW m2
MtNO, yr?
Sum +0:37 +0.18 +0.47 £0.24 W m™
(total ozone ERF)
[END TABLE 7.5SM.3:HERE]
The future ozone ERF is then derived as
ERFo3 = BcnalCcna™ Bnz0ACN20 + BopuACopn + BcoBEco Equation 7.5M.1.3

+ PnmvocAEnmvoc t+ BnoxAENox — f - AT

where Ccpgand Cy,o are concentrations of CH4 and N2O in ppb, Copy iS the equivalent effective
stratospheric chlorine from halogenated compounds expressed in ppt (Newman et al., 2007), and E¢q,
Exmvocand Exox are annual emissions in Mt yrt (NOx expressed in units of MtNO,), f = -0.037 W m
°Cl and AT represents GSAT anomaly. This configuration is run iteratively, with other best-estimate
forcings, in the two-layer emulator (Section 7.SM.2) with the Section 7.5.5 best-estimate assessments of
equilibrium climate sensitivity (ECS, 3.0°C) and transient climate response (TCR, 1.8°C) until convergence
is achieved.

ERF from land use change scales with cumulative emissions of land-use-related CO, emissions following the
end of the historical period.
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Volcanic forcing is set to a ten-year linear ramp down to zero from 2014 to 2024, following the CMIP6
ScenarioMIP protocol (Eyring et al., 2016). Solar forcing uses the CMIP6 future TSI variation (Matthes et
al., 2017) which provides projections to 2299, and is set to zero from 2300. For Figure 4.36 and Annex I11,
ERF time series for the RCP scenarios are produced using emissions and concentrations from Meinshausen
et al. (2011b) using the same methods, present-day forcing best estimates, and uncertainty ranges described
above, with the difference that scenarios start to diverge in 2005 and a 15-year ramp from 2005 to 2020 from
historical emissions or concentrations to the future RCP projections is performed.

[START FIGURE 7.5SM.1 HERE]

Total IEffective Radiativle Forcing in SSPI scenarios, 2000:2500

| SSP5-8.5
[ S§SP3-7.0
| SSP1-2.6
SSP1-1.9
O T ¥ T L ¥ T L T L
2000 2100 2200 2300 2400 2500
Halégenated
L 050 gases|
0.25 A F
0 . 0.0 . 0.0 . 0.00 -
2000 2250 2500 2000 2250 2500 2000 2250 2500 2000 2250 2500
Sltrat. H>O 02 IContrails 0.0 I
i
IS - 0.1+ I -0.2 N
F Q
---- A\ Aerosol-radiation
LS int i
1 0.00 ) 0.0 ' -0.4 rracre
2000« 2250 2500 2000 2250 2500 2000 2250 2500 2000 2250 2500
o : S e I (- S —
¥ 0.1 particles on[_
o g : now and ice
€ -0.5 E -0.2 1 / 0.0 B
= —]
~10 4 Aerosol-cloud 0.0
. nt i 0 -5 L
in Ierac ions 04 . 014 .
2000 2250 2500 2000 2250 2500 2000 2250 2500 2000 2250 2500

Figure 7.SM.1: Total effective radiative forcing from SSP scenarios with respect to 1750 for 2000-2500 (top panel),
showing best estimate and 5-95% uncertainty range (shaded regions). Uncertainty ranges are not
shown for SSP3-7.0-lowNTCF and SSP3-7.0-NTCFCH4 for visual clarity. Bottom matrix shows the
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best estimate ERF for each anthropogenic component, and solar (volcanic ERF is zero beyond 2024).
[END FIGURE 7.SM.1 HERE]

7.SM.2 Two-layer energy balance model for climate emulation
7.SM.2.1 Emulator definition

The two-layer emulator is based on the following global mean equations:

d
C&AT = AF(t) + aAT — ey(AT — ATy,)
Equation 7.5M.2.1

d
CdEATd = Y(AT - ATd)

where AT (°C) is the temperature of the surface layer (representing the surface components of the climate
system), AT, (°C) is the temperature change in the deep ocean layer, C and €4 are'the effective heat
capacities for the surface and deep layers in W yr m=2 °C, ¢ is the efficacy-of the deep ocean heat uptake
and y is the heat transfer coefficient between the surface and deepayer (W-m=2°C1).

The analytical solution of Eq. (7.SM.2.1) is expressed by a combination of fastiandslow modes with the
decay time scales of 7 and z,. For a given value of ECS, TCR is obtained as

=t Lt
TCR = ECS {1 - % [Tfaf <1 —e Tf) — T40, (1 =e Ts)]}. Equation 7.5M.2.2

The TCR is equal to AT at year t = t, = 70.n response to'the forcing AF increasing at a rate of 1% per year,
and all parameters (¢, T, as, and ag) can be.calculated using C, Cq, y, € and the net feedback parameter a
(the formulae are presented in Geoffroy et.al. (2013a)). As discussed in Jiménez-de-la-Cuesta and Mauritsen
(2019), TCR can also be estimated directly from:the two-layer model parameters as TCR = AF,xco2/(—a +
K), where k = €y.

The two-layer model can be calibrated to emulate the climate response of individual CMIP models (Geoffroy
et al., 2013b, 2013a) using abrupt4xCO2 experiments. Calibrations are performed for 44 CMIP6 models
resulting in parameter estimates (mean and standard deviation) of C =8.1+ 1.0 Wyrm=2°C?, C4 =110 + 63
Wyrm2°Ct y=062+013Wm2°C? e=1.34+0.41, k =0.84 £ 0.38 W m~2 °CL. Representative
values from CMIP6 models.in Eq. (7.5M.2.2) are 7 = 4.6 yr, 75, = 333 yr, ar = 0.541, a, = 0.459.

7.SM.2.2 Constrained emulator ensemble

In several places.in Working Group | (Chapter 1, Figure 7.7, Figure 7.8, Chapter 9), a constrained ensemble
of two-layer.model projections is used. The starting point for this ensemble is a 1 million-member ensemble
of emissions-driven historical runs using v1.6.2 of the FalR emulator (Millar et al., 2017; Smith et al.,
2018a).-The temperature module of FalR is mathematically equivalent to the two-layer emulator in Eq.
(7.SM.2.1);7and the emissions- or concentrations-to-ERF relationships in FalR are equivalent or very similar
to those described in generating the ERF time series in Section 7.SM.1. The similarity of the two-layer
model to FalR is demonstrated in Figure 7.SM.2.

The 1 million ensemble members sample the uncertainty in the ERF, the climate response, and the carbon
cycle. ERF uncertainties are generated using the same method described in Section 7.SM.1.3. For the climate
response, the C, Cq, y and & components of the two-layer model in Eq. 7.SM.2.1 are generated from kernel-
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density estimates that are calibrated to 44 CMIP6 models (Section 7.SM.2.1). The climate feedback
parameter « is sampled from a truncated Gaussian distribution (truncated at +2 standard deviations) with
mean —1.33 W m? °C* and standard deviation 0.5 W m=2 °C™%, The carbon cycle in FalIR is parameterised by
the pre-industrial time-integrated airborne fraction of CO,, and the change in airborne fraction with
accumulated carbon emissions and GSAT change (Millar et al., 2017). These parameters are sampled as
uniform distributions using the lowest and highest values based on calibrations to 11 CMIP6 models (Arora
et al., 2020) as the bounds of the distributions. The 1 million-member ensemble was run in the FalR model
using emissions-driven runs from 1750 to 2019. The resulting ensemble was constrained based on agreement
to:

(1) the time series of historical GSAT to the Chapter 2 (Cross Chapter Box 2.3) assessment from 1850—
2020 with a root-mean-square error of 0.135°C or less, approximately recreating the headline 1850—
1900 to 1995-2014 assessment of 0.67—0.98°C (Cross Chapter Box 2.3, very likely range);

(2) the assessment of ocean heat uptake from Section 7.2.2.2 from 1971-2018 within the likely range of
329-463 ZJ;

(3) CO; concentrations to the 2014 very likely range of 397.1 + 0.4 ppm (Table 2.1);

(4) the airborne fraction from a 1% per year CO; increase simulation to the range assessed in Section
5.5.1 of 53 + 6% (1 standard deviation).

From the original 1 million-member ensemble, 2,237 ensemble members passed all four constraints and are
used for reporting results. This constrained ensemble set from FalRv1.6:2-has a good.correspondence to
assessed ranges of key climate metrics across the Working Group.l'report (Cross ChapterBox 7.1 Table 1;
Table 7.SM.4). While not used as formal constraints, the assessed distributions of ECS‘and TCR (Section
7.5.2) and projected future warming from the five major SSP scenarios (Section 4.3:4) were used as
guidelines to ensure simultaneous adherence to several assessed ranges. As a comparison, the ECS from this
constrained set has a median and 5-95% ranges of ECS and TCR of 2:95 [2.05 - 5.07]°C and 1.81 [1.36—
2.46]°C respectively, compared to the Chapter 7 best estimates and verylikely ranges of 3.0 [2.0-5.0]°C for
ECS and 1.8 [1.2 — 2.4]°C for TCR. While constraints (3) and.(4) are not required when running FalR or the
two-layer model using prescribed historical greenhouse gas concentrations, this 2,237 member ensemble set
is intended to be used to evaluate future warming pathways to integrated assessment model scenario
projections in Chapter 3 of Working'Group I, so the same ensemble set is used here for overall consistency.

7.SM.2.3 Supporting information for Figures 7.7 and 7.8

The data contributing/to Figures 7.7 and 7.8 is from the 2,237-member constrained ensemble described in
Section 7.SM.2.2..To provide the contributions to historical temperature in Figures 7.7 and 7.8, one of the 13
components of the historical forcing at a time is removed from the total forcing, and the two-layer model run
using the forcing and climate configuration from each of the 2,237 ensemble members. The difference
between the all-forcing and.leave-one-out model run provides the temperature contribution from each
forcing agent. This exercise was repeated using a best-estimate climate response (hence, only assessing the
impact of uncertainty in the ERF) by setting ECS = 3.0°C, TCR 1.8°C and the other two-layer model
parameters set to their CMIP6 model means (C =8.1W yrm=2°C?, C4=110 Wyrm=2°C?, y =0.64 W m
°Cland e = 1.36; Section 7.SM.2.1). These simulations are shown as dashed error bars in Figure 7.7, with
the full ERF and.climate response uncertainty as solid error bars.

Each ensemble.member uses a long (approximately 9,000-year) pre-industrial spin-up comprising only
transient-solar and volcanic forcing starting in 6755 BCE (Section 7.SM.1.3), and temperature changes are
reported with respect to 1750 as a single baseline year. The same 2,237 ensemble member set was extended
forward in time to 2500 under forcing from the SSP scenarios (Section 7.SM.1.4) and used to inform global-
mean sea level projections in Chapter 9.
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7.SM.3 Performance of emulators compared to key physical climate assessments

Table 7.SM.4 details the performance of the four emulators (CICERO-SCM, FalRv1.6.2, MAGICC7.5.1 and
OSCARv3.1.1) described in Cross Chapter Box 7.1 for a number of climate assessments in absolute terms,
and can be compared to Cross Chapter Box 7.1 Table 2 which details the relative difference between each
emulator and the ARG assessed range.
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Table 7.SM.4:  Absolute differences between the emulator value and the Working Group | assessed best estimate and range for key climate assessments. Values are given for four
emulators in their respective AR6-calibrated probabilistic setups. Relative values of these indicators are shown in Cross Chapter Box/7.1, Table 2. Emulator values
within 5% of the assessed central value and 10% of the lower and upper ranges are unshaded, showing good correspondence between the emulator and the
assessment. The columns labelled “upper” and “lower” indicate very likely (5% to 95%) ranges, except for the variables demarcated with an asterisk or double
asterisk (* or **), where they denote likely ranges from 17% to 83%. Note that the TCRE assessed range (**) is wider than the combination of the TCR and
airborne fraction to account for uncertainties related to model limitations.

Emulator Assessed ranges CICERO-SCM FalRv1.6.2 MAGICC7 OSCARv3.1.1
Assessed range Lower | Central | Upper | Lower | Central | Upper | Lower | Central | Upper | Lower | Central | Upper | Lower | Central | Upper
Key metrics
ECS (°C) 2.00 205 | 2.95 507 [ 193
TCRE (°C per 1000 GtC)** 1.00 1.53 1.52
TCR (°C) 120 | 1.80 240 138 [1.71 232 136 |1.81 246 [1.27
Historical warming and Effective Radiative Forcing
1995-2014 relative
ing (° b ! . b b . 72 . 1.02 72 } . . . :

GSAT warming (°C) to 1850-1900 0.67 | 0.85 0.98 J0.68 |0.85 098 Jo0.7 0.87 0 0.7 0.86 0.97 Jo0.67 |0.78 0.98
(o] heat content ch

cean heat content change 19712018 329 |39 | 463 346 | 381 423|325 |382 436 508

(z0)*
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Total Aerosol ERF (W

2005-2014 relative

) o 1y 200 |-130 |-0.60
2019 relative t

WMGHG ERF (W m2) relative to 303 [332 361
1750

Methane ERF (W m2) 2019 rel. 1750 0.43 0.54 0.65

Carbon Cycle metrics

Airborne Fraction 1pctCO2
(dimensionless)*

2xCO;

0.47

0.53

0.59

7.SM IPCC AR6 WGI

-1.68 060 f-1.79 |-120 |-055
3.14 314 307 |338 3.66 M3.10 |[3.35 3.60 306 |34 3.49
0.56 056 Jo4sa {056 067 foa3 |osa 067 fo47 |o0s54 0.62

0.50

0.52

0.53

0.52 0.56 0.59

0.47

0.53 0.64

Airborne Fraction 1pctCO2

(dimensionless)*

4xCO,

Future warming (GSAT) relative to 1995-2014

0.50

0.60

0.70

0.56

0.60

0.63

0.57 0.62 0.66

0.53

0.59 0.69

2021-2040 038 | o061 085 Ho042 [o058 094 Jo039 |o0s61 094 Jo39 |[o0s61 0.88 J043 |0.55
SSP1-1.9 (°C) 2041-2060 0.40 | o0.71 1.07 J0.43 ] 0.65 115 036 |0.66 1.14 Jo039 |o071 1.15 J0.45 |0.65
2081-2100 024 | 056 0.96 [o0.21 1.00 jo20 |[o052 099 Jo0.26 |0.51
2021-2040 041 | o063 089 fJo44 |o060 094 Jo42 |o064 096 Jo.40 |[o062 0.89 J045 |0.57
SSP1-2.6 (°C) 2041-2060 0.54 |0.88 132 Jos58 |o0.83 134 Jo053 |0.86 138 Jo054 |0.89 135 Jo62 |o0.82
2081-2100 0.51 | 0.90 1.48 [ 0.50 141 fJ047 |o084 1.49 Jo0.48 |0.89 149 J059 |0.82
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2021-2040 0.44 | 066 090 fJo4s8 |o063 094 Jo47 |o065 092 Jo45 |o064 089 Jo.42
SSP2-4.5 (°C) 2041-2060 078 | 112 157 fJo0s81 |1.08 162 f079 |1.11 1.59 J0.79 | 1.13 160 f 0.84
2081-2100 1.24 | 1.81 259 f122 |13 251 Q121 |1.75 263 f1.21 |[1.82 267 [ 134
2021-2040 0.45 | 067 092 fJos50 |o064 093 Jos51 | 068 091 HJ0.49. (o068 092 Jo43
SSP3-7.0 (°C) 2041-2060 092 |1.28 175 Jo9s |[1.22 1.74 <4 0.98 «.|1.28 1.72 Jo0.98 |133 1.77 J0.99
2081-2100 200 |276 375 f199 |255 364 J207 |272 372 213 |286 3.97 [ 2.09
2021-2040 0.51 |0.76 1.04 Jos4 |[071 1.06 Jo0s56 | 0.77 1.08 Jo.s55 |0.77 1.06 fJo.51
SSP5-8.5 (°C) 2041-2060 1.08 | 1.54 208 J1.11. | 142 2.07.. 01220 [ 155 217 f111 | 157 216 119
2081-2100 2.44 | 3.50 482 [ 254 |3.24 468 258 |3.50 489 J263 |3.65 5.16 [ 2.65

[START TABLE 7.SM.4 HERE]
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The comparison of the constrained two-layer emulator to FalRv1.6.2 and MAGICC7.5.1 is shown in Figure
7.SM.3 for the SSP1-2.6 and SSP5-8.5 scenarios, demonstrating the similarity between the FalR and two-
layer projections as well as the similarity between FalR and MAGICC in their ARG setups.

[START FIGURE 7.5M.2 HERE]

a) Emulation of low emission scenario SSP1-2.6
SSP1-2.6 medians and 5-95% ranges:
2.0+

= = Assessed ranges Chapter 4

— — — Calibrated emulators | ’Ii
C7F M i

0.5

Global-mean surface air temperature (GSAT)
relative to 1995-2014 (°C)

-05

2081-2100

2000 2020 2040 2060 2080

CMIP6 models

b) Emulation SSP1-2.6 - period averages

2100-2150

o Emulators:
C7 - Chapter 7 two-layer
[ S F-FalRvi62
M- MAGICC7 ©
]
o]
| 7 F M
C7 -
o
A v o
o
Assessed CMIP6
GSAT range models
4|/ Chapter 4

2081-2100 2100-2150

Global-mean surface air temperature (GSAT)
relative to 1995-2014 (°C)

2100 2125 2150
<) Emulation of high emission scenario SSP5-8.5 | d) Emulation SSP5-8.5 - period averages
$5P5-8.5 medians and 5-95% ranges: Emulators:
& C7 - Chapter 7 two-layer
= = Assessed ranges Chapter 4 o A, F-FalRv1.6.2 °
/ | M - MAGICC7 o
— — — Calibrated emulators N \ < o M
C7F M 2 7
& > L
61 S5P5-8.5 M8
/ 8 c7 . M 9\
I I I I CMIP6
| ’X models
Assessed
GSAT range
| Chapter 4

2081-2100 2100-2150

2000 2020 2040 2060 2080

2100 2125

2150

Figure 7.SM.2: (a)Time series and (b) 2100-2150 means of emulated GSAT projections from the Chapter 7 two-layer
model (green), FAIRv1.6.2 (light blue), and MAGICC7.5.1 (orange) from 1995 to 2150, following the
SSP1-2:6 scenario ((a) and (b)) and the SSP5-8.5 scenario ((c) and (d)). In (a) and (c) the ensemble
median estimates are solid lines and the 5-95% ranges are shaded; in (b) and (d) the bar range shows
5<95% ranges with the median in black. Overlaid CMIP6 model results are shown as lines in (a) and
(c), and dots in (b) and (d) (fewer dots are shown for the 2100-2150 period because only a limited
number of CMIP6 models have performed runs beyond 2100). In (a) and (c), Chapter 4 assessed
GSAT projections (20-year running means) are shown with a dark blue dashed line and 5-95% range

in dark blue shading.

[END FIGURE 7.SM.2 HERE]
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7.SM.4 Equilibrium Climate Sensitivity and Transient Climate Response from CMIP6 models

Table 7.SM.5 details the equilibrium climate sensitivity and transient climate response estimated from
CMIP6 and CMIP5 models using the ESMValTool (Eyring et al., 2020; Lauer et al., 2020; Righi et al.,
2020) and presented in Schlund et al. (2020) for ECS and Meehl et al. (2020) for TCR (CMIP6 only), used in
Section 7.5.6, Figure 7.18 and FAQ 7.3. Climate feedback parameters, including the decomposition into
Planck, water vapour plus lapse rate, surface albedo and cloud components, plus the residual, are given for
CMIP6 and CMIP5 models from Zelinka et al. (2020). ECS is estimated from a 150-year integration of an
abrupt4xCO2 experiment, subtracting the parallel piControl integration from the same period, regressing the
modelled top-of-atmosphere energy imbalance AN against the modelled GSAT change AT, and taking AT /2
at the point where the regression slope crosses AN = 0 (Gregory et al., 2004). TCR is estimated from the
mean AT change from a 1pctCO2 run compared to the parallel piControl integration in years 60 to 79.
Feedback contributions are estimated from a mean of six radiative kernels presented in Zelinka et al. (2020).

[START TABLE 7.SM.5 HERE]
Table 7.SM.5:  Equilibrium climate sensitivity (ECS) and climate feedbacks estimated from CMIP5 and CMIP6

models. Transient climate response (TCR) from CMIP6 madels is also provided. Data from Schlund
et al. (2020), Meehl et al. (2020) and Zelinka et al. (2020).

Net Components of the net feedback, W m=2°C~!
MIP Era Model Ecsec | feedback Water TCR°C
aWm?eC Planck | vapour + Surface Cloud Residual
N lapse rate albedo

ACCESS-CM2 4.72 -0.74 -3.22 1.18 0.37 0.80 0.14 2.10
ACCESS-ESM1-5 3.87 -0.73 -3.21 1.33 0.42 0.62 0.11 1.95
AWI-CM-1-1-MR 3.16 -1.15 -3.16 1.27 0.42 0.29 0.04 2.06
BCC-CSM2-MR 3.04 -1.03 =3.25 1.23 0.38 0.57 0.04 1.72
BCC-ESM1 3.26 -0.92 -3.23 1.24 0.42 0.58 0.06 1.77
CAMS-CSM1-0 2.29 -1.82 -3.25 1.30 0.24 -0.30 0.20 1.73
CAS-ESM2-0 3.51 2.04
CESM2 5.16 -0.63 -3.28 1.26 0.38 1.01 -0.01 2.06
CESM2-FV2 5.14 -0.55 -3.23 1.17 0.40 1.10 0.01 2.05

CMIP6 CESM2-WACCM 4.75 -0.71 -3.27 1.25 0.37 1.22 -0.28 1.98
CESM2-WACCM-FV2 4.79 -0.61 -3.24 1.16 0.37 1.17 -0.07 2.01
CIESM -0.69 -3.19 1.19 0.27 0.84 0.20 2.39
CMCC-CM2-SR5 3.52 -1.07 -3.26 1.27 0.31 0.58 0.04 2.09
CMCC-ESM2 -1.05 -3.25 1.29 0.33 0.56 0.02
CNRM-CM6-1 4.83 -0.74 -3.22 1.24 0.49 0.61 0.14 2.14
CNRM-CM6-1-HR 4.28 -0.92 -3.27 1.27 0.37 0.59 0.13 2.48
CNRM-ESM2-1 4.76 -0.62 -3.23 1.27 0.47 0.63 0.25 1.86
CanESM5 5.62 -0.65 -3.26 1.29 0.42 0.88 0.03 2.74
E3SM-1-0 5.32 -0.63 -3.27 1.25 0.32 0.97 0.11 2.99
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EC-Earth3 —0.76 —3.18 1.45 0.53 0.39 0.05 2.30
EC-Earth3-AerChem -0.94 -3.18 1.39 0.54 0.27 0.05
EC-Earth3-Veg 431 -0.78 -3.21 1.45 0.53 0.37 0.07 2.62
FGOALS-f3-L 3.00 -1.40 -3.14 1.21 0.36 0.04 0.13 1.94
FGOALS-g3 2.88 -1.25 -3.23 1.45 0.49 0.10 -0.06 1.54
FIO-ESM-2-0 2.22
GFDL-CM4 -0.82 -3.18 1.23 0.50 0.64 -0.01
GFDL-ESM4 -1.42 -3.25 1.18 0.34 0.50 -0.19
GISS-E2-1-G 2.72 -1.46 -3.20 1.06 0.24 0.07 0.38 1.80
GISS-E2-1-H 3.11 -1.13 -3.16 1.27 0.42 0.06 0.28 1.93
GISS-E2-2-G -1.51 -3.19 1.18 0.32 0.01 0.18 A=kl
HadGEM3-GC31-LL 5.55 -0.63 -3.21 1.19 0.38 0.84 0.17 2.55
HadGEM3-GC31-MM 5.42 -0.66 -3.23 1.18 0.32 0.91 0.16 2.58
IITM-ESM -1.91 -3.22 1.16 0.26 -0.02 -0.08 1.71
INM-CM4-8 1.83 -1.48 -3.23 1.45 0.36 -0.09 0.02 1.33
INM-CM5-0 1.92 -1.52 3.23 1.40 0.40 -0.06 -0.03
IPSL-CM5A2-INCA -0.81 =3.25 1.23 0.33 1.05 -0.16
IPSL-CM6A-LR 4.56 —0.76 -3.22 135 0.44 0.45 0.22 2.32
KACE-1-0-G 4.48 —0.72 —3.24 1217 0.33 0.84 0.18 1.41
MCM-UA-1-0 3.65 1.94
MIROC-ES2L 2.68 -1.54 -3.26 1.19 0.40 0.04 0.08 1.55
MIROC6 2.61 -1.40 329 130 0.47 0.22 -0.10 1.55
MPI-ESM-1-2-HAM 2.96 =1.41 -3.10 1.18 0.36 -0.16 0.32 1.80
MPI-ESM1-2-HR 2.98 -1.22 —3.14 1.21 0.38 0.27 0.05 1.66
MPI-ESM1-2-LR 3.00 -1.39 —3.11 1.12 0.37 0.18 0.05 1.84
MRI-ESM2-0 3.15 -1.10 -3.20 1.16 0.54 0.46 -0.06 1.64
NESM3 4.72 -0.78 —3.09 1.19 0.50 0.45 0.17 2.72
NorCPM1 3.05 -1.10 -3.17 1.31 0.44 0.30 0.01 1.56
NorESM2-LM 2.54 —1.34 —3.30 1.28 0.35 0.44 -0.11 1.48
NorESM2-MM 2.50 -1.50 —3.32 1.29 0.30 0.51 -0.28 1.33
SAMO-UNICON 3.72 -1.04 327 1.13 0.38 0.75 -0.03 2.27
TaiESM1 431 —0.88 —3.25 1.26 0.40 0.70 0.00 2.34
UKESM1-0-LL 5.34 -0.67 -3.19 1.19 0.48 0.87 -0.01 2.79

CMIP6 mean 3.78 -1.03 —-3.22 1.25 0.39 0.49 0.05 2.01
CMIP6 standard deviation 1.08 0.36 0.05 0.09 0.08 0.38 0.14 0.41
CMIP5 ACCESS1-0 3.83 -0.76 —3.18 1.26 0.43 0.47 0.25
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ACCESS1-3 3.53 —0.81 —3.21 1.25 0.41 0.65 0.08
BNU-ESM 3.92 —0.92 —3.14 1.35 0.61 0.20 0.05
ccsm4 2.94 -1.18 -3.19 1.28 0.48 0.27 -0.02
CNRM-CM5 3.25 -1.13 —-3.20 1.24 0.46 0.15 0.21
CNRM-CM5-2 3.44
CSIRO-Mk3-6-0 4.08 -0.64 -3.26 1.25 0.38 0.67 0.32
CanESM2 3.69 -1.03 —3.28 1.35 0.39 0.52 -0.02
FGOALS-g2 3.38 —0.84 —3.18 1.40 0.59 0.38 -0.03
FGOALS-s2 -0.91 -3.19 1.32 0.52 0.03 0.42
GFDL-CM3 3.97 -0.76 -3.18 1.08 0.43 0.88 0.02
GFDL-ESM2G 2.39 -1.23 -3.20 1.17 0.30 0.22 0.27
GFDL-ESM2M 2.44 -1.37 -3.20 1.13 0.29 0.11 0.30
GISS-E2-H 2.31 -1.66 -3.16 1.27 0.32 -0.12 0.03
GISS-E2-R 2.11 -1.76 -3.17 1.30 0.24 -0.14 0.01
HadGEM2-ES 461 -0.63 -3.17 1.30 0.40 0.70 0.14
IPSL-CM5A-LR 4.13 -0.75 =3.26 1.20 0.27 1.18 -0.14
IPSL-CM5A-MR 4.12 -0.80 -3.28 1.18 0.19 1.25 -0.14
IPSL-CM5B-LR 2.60 -1.02 -3.17 1.32 0.28 0.62 -0.06
MIROC-ESM 467 -0.92 -3.32 1.23 0.50 0.68 -0.02
MIROC5 2.72 -1.53 ~3.24 1.29 0.48 -0.04 -0.02
MPI-ESM-LR 3.63 -1.13 -3.16 1.09 0.44 0.44 0.06
MPI-ESM-MR 3.46 -1.19 -3.17 1.05 0.39 0.47 0.06
MPI-ESM-P 3.45 -1.23 -3.18 1.08 0.40 0.39 0.08
MRI-CGCM3 2.60 -1.23 —3.24 1.25 0.51 0.28 -0.03
NorESM1-M 2.80 -1.10 -3.17 1.32 0.45 0.29 0.01
NorESM1-ME -1.10 -3.16 1.30 0.45 0.33 -0.01
bcc-esm1-1-m 2.86 -1.19 -3.27 1.29 0.40 0.40 0.00
bec-csm1-1 2.83 -1.15 -3.21 1.27 0.45 0.28 0.05
inmcm4 2.08 -1.43 -3.18 1.23 0.43 0.24 -0.15

CMIP5 mean 3.28 -1.08 —-3.20 1.24 0.41 0.41 0.06
CMIPS standard deviation 0.74 0.29 0.05 0.09 0.10 0.33 0.14
[END TABLE 7.SM.5 HERE]
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7.SM.5 Climate metrics
7.5SM.5.1 Definitions of climate metrics

Absolute Global Forcing Potential:

AGFPy(H) = AFx(H) Equation 7.5M.5.1

Absolute Global Warming Potential

H Equation 7.5M.5.2
AGWP,(H) = f AFy(t)dt
0

Absolute Global Temperature-change Potential:

H
AGTPX(H) = AT*(H) = f AGFPX ()R (H — t)dt Equation 7.SM.5.3
0

Absolute Global Sea-level Rise;

H
AGSR*(H) = ASLR*(H)'= f AGTPX(t)Rg g (H — t)dt
0

H t
= f f AGFPX(t")Ry(t — t YRy r(H — t)dt'dt
N Equation 7.5M.5.4

where Rg; r-is the sea-level rise resulting from a pulse temperature increase (Sterner et al., 2014).

Increase in absolute metric (AAGxx*X) due to the carbon cycle response:

H ,t
AAGxx* = J f AGTPX(t")yrp(t — t")AGxx“O%?(H — t)dt'dt  Equation 7.SM.5.5
0 0

where yrg(t) is the CO; flux perturbation following a unit temperature pulse in kgCO, yr* K= using the
Do Not Cite, Quote or Distribute 7SM-21 Total pages: 52
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parameterisation of Gasser et al. (2017b), and

and the parameters used in Egs. (7.SM.4.5) and (7.SM.4.6) are given in Table 7.SM.6.

[START TABLE 7.SM.6 HERE]

7.5M

1

a, -4 a
rF:6(t)—T—e Tl—_[—e T2 —

IPCC AR6 WGI

Equation 7.SM.5.6

Table 7.SM.6:  Parameters for the carbon cycle response function (from table 1 of (Gasser et al., 2017b)).
14 a a; as T1 T2 T3
(kgCOz yr* °C™) (yr) (v (yr)
11.06 x 102 0.6368 0.3322 0.00310 2.376 30.14 490.1

[END TABLE 7.SM.6 HERE]

Metrics for step emission changes can be derived by integrating the more-standard. pulse emission changes
up to the time horizon:

H
AGTPg = f AGTPy (H'~ t)dt
0

Equation 7.5M.5.7

The contribution to methane emission metrics from CO. from.methane ‘oxidation is given by

2 m 1 _H=D
AAGxxX = f YmCOZT—e o AGxxCO2(H — t)dt
0 cH, ToH

Equation 7.SM.5.8

where Y is the fractional molar yield of CO. from CH, oxidation (see Section 7.6.1.3), mcg, and mcy, are
the molar masses of CO, and CH4, and 7oy iS the methane oxidation lifetime time to OH (9.7 yr; Section
6.3.1).

7.5M.5.2 Impulse response functions for GTP and Chapter 6 calculations

To generate a suite of two-layer configurations for uncertainty estimates in GTP calculations (Tables
7.SM.8-7.SM.13), information from the FalRv1.6.2 and MAGICC7.5.1 ARG calibration setups (Cross
Chapter Box 7.1) are used. FalRv1.6.2 uses the two-layer model in Eq. (7.SM.2.1) as its core so converting
its parameters to two=layer configurations is trivial (discussed in Section 7.5M.2.2). To convert
MAGICC7.5.1's configuration to two-layer configurations, the two-layer model parameters are fitted to
MAGICC7.5.1's output from an abrupt 2xCO, experiment. However, such a fitting procedure produces only
an approximate translation because MAGICC7.5.1 is not well-represented by a two-timescale model. After
these two conversions are done an ensemble of two-layer configurations is generated which is used for
uncertainty analysis in GTP calculations.

To generate the Chapter 6 two-layer configuration, the timescales and efficacy parameters are calculated as
the average of FalRv1.6.2's median and a fit to MAGICC7.5.1's median response (both in their AR6
calibrations). Response magnitudes that describe the contributions to the fast and slow response timescales
are calculated such that the Chapter 6 configuration matches the best-estimate ECS of 3.0°C and TCR of
1.8°C (Table 7.13) under the best-estimate ERF due to a doubling of CO. of 3.93 W m=, This results in
parameter values for C =7.7Wyrm=2°C?, C4=147TWyrm2°Cl, a =-1.31Wm2°C? =103,k =

Do Not Cite, Quote or Distribute 7SM-22 Total pages: 52
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0.88 W m2 °CL, Note these parameters differ from CMIP6 two-layer model calibrations in Section
7.SM.2.1, as the set described here is derived from a constrained ensemble from two emulators.

Do Not Cite, Quote or Distribute 7SM-23 Total pages: 52



OCoOoONOOTULTEE WN -

[
o

Final Government Distribution 7.SM IPCC AR6 WGI

7.SM.6 Tables of greenhouse gas lifetimes, radiative efficiencies and metrics

[START TABLE 7.SM.7 HERE]

Table 7.SM.7:  Greenhouse gas lifetimes, radiative efficiencies, Global Warming Potentials (GWPs), Global Temperature Potentials (GTPs) and Cumulative Global Temperature
Potentials (CGTPs). GWPs given for 20-year, 100-year and 500-year time horizons. GTPs and CGTPs given for 50-year-and.100-year time horizons. Note CGTP
has units of years and is applied to a change in emission rate rather than a change in emission amount. Also shown are absolute values of GWPs and GTPs
(AGWPs and AGTPs), in units of picowatt years per square metre per kilogram (1 pW = 10-*2\W). Radiative efficiencies for CH4 and N2O given in this table do not
include chemical adjustments (values including chemical adjustments are given in Table 7.15).

AGWP AGWP AGWP AGTP AGTP
. Radiative
oo _— Lifetime efﬁciezncy P GWP 102 (PW GWP 502 (pW GWP 250 (PW GTP 103 (pW GTP CGTP CGTP
(yr) :":’b’_'l‘) owmz | 20 meyr 100 meyr 500 yr 50 meyr 100 50 (yr) | 100 (yr)
yrkg?) kg?) kg?) kg?) kg?)
Major Greenhouse Gases
Carbon dioxide CO2 1.33x10-° 0.0243 1 0.0895 1 0.314 1 0.000428 1 0.000395 1
Methane CH4 11.8 0.000388 1.98 81.2 2.49 27.9 2.5 7.95 0.00473 11 0.00212 5.38 2730 3320
Nitrous oxide N.O 109 0.0032 6.65 273 245 273 40.7 130 0.124 290 0.0919 233
Chlorofluorocarbons
CFC-11 CClsF 52 0.259 181 7430 497 5560 586 1870 2.43 5670 1.25 3160
CFC-12 CCl2F2 102 0.32 277 11400 | 998 11200 1600 5100 5.06 11800 | 3.66 9270
CFC-13 CCIFs 640 0.278 301 12400 1450 16200 5500 17500 7.26 17000 7.4 18800
CFC-112 CCl2FCCI2F 63.6 0.282 137 5620 413 4620 525 1670 2.06 4810 1.19 3020
CFC-112a CCIsCCIF2 52 0.246 115 4740 317 3550 374 1190 1.55 3620 0.795 2010
CFC-113 CCl2FCCIF2 93 0.301 167 6860 583 6520 890 2830 2.96 6910 2.06 5210
CFC-113a CCI3CF3 55 0.241 124 5110 351 3930 422 1350 1.73 4030 0.917 2320
CFC-114 CCIF,CCIF2 189 0.314 201 8260 844 9430 1930 6150 4.28 9990 3.71 9410
CFC-114a CCI2FCF3 105 0.297 183 7510 664 7420 1080 3450 3.37 7880 2.46 6240
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CFC-115 CCIFCF3 540 0.246 180 7410 | 859 9600 | 3100 9880 | 43 10100 | 4.33 11000
E-R316c tcrglrfcgééz <) 75 0.27 117 4810 | 379 4230 | 518 1650 | 1.91 4450 | 1.2 3040
Z-R316c cis cyc (-CCIFCF,CF,CCIF-) | 114 0.3 136 5590 | 507 5660 | 865 2760 | 2.57 6020 | 1.94 4910
CFC 1112 CCIF=CCIF 0.019 0.013 0.0111 0.454 | 0.0113 0.126 | 0.0113 0.036 | 1.18x105 |<0:028 | 8.96x10¢ | 0.023 | 123 145
CFC1112a CClo=CF, 0.006 0.007 0.00184 0.076 | 0.00188 0.021 | 0.00188 0.006 | 1.97x10°% | 0.005. | 1.49x10¢ | 0.004 | 2.06 2.42
Hydrofluorochlorocarbons
HCFC-21 CHCI,F 1.7 0.145 14 575 143 160 143 45.6 0.0152 35.5 0.0114 29 15600 18300
HCFC-22 CHCIF, 11.9 0.214 139 5690 | 175 1960 | 176 560 0.336 785 0.15 379 184000 | 222000
HCFC-31 CHaCIF 1.2 0.068 6.96 286 7.11 79.4 7.11 226 0.00752 17.6 0.00567 14.4 7750 9130
HCFC-121 CHCICCloF 1.11 0.146 5.11 210 5.22 583 522 16.6 0.00552 12.9 0.00416 10.5 5690 6700
HCFC-122 CHCICCIF2 0.9 0.159 4.94 203 5.05 56.4 5.05 16.1 0.00533 125 0.00403 10.2 5510 6490
HCFC-122a CHCIFCCIF 3.1 0.201 21.4 879 219 245 219 69.9 0.0236 55.3 0.0177 44.7 23800 | 28100
HCFC-123 CHCI:CF3 13 0.16 7.92 325 8.09 90.4 8.09 25.8 0.00857 20 0.00646 16.4 8830 10400
HCFC-123a CHCIFCCIF, 4 0.227 343 1410 | 353 395 35.3 113 0.0385 20 0.0285 723 38400 | 45200
HCFC-124 CHCIFCFs 5.9 0.207 50.3 2070 | 53.4 597 53.4 170 0.0612 143 0.0435 110 57700 | 68100
HCFC-124a CHF:CCIF, 17 0.25 124 5110 | 185 2070 | 186 592 0.521 1220 | 0.177 448 185000 | 232000
HCFC-132 CHCIFCHCIF 1.73 0443 10.7 440 11 122 11 349 0.0116 27.2 0.00876 222 11900 14000
HCFC-132a CHCI:CHF, 1.12 0.127 6.17 253 6.3 70.4 6.3 20.1 0.00666 15.6 0.00503 12.7 6870 8090
HCFC-132¢ CH2FCCIoF 41 0.169 29.6 1220 | 306 342 30.6 97.6 0.0334 78.1 0.0247 62.7 33200 | 39100
HCFC-133a CHCICF3 46 0.15 33.4 1370 | 347 388 34.7 111 0.0382 89.3 0.0281 713 37600 | 44400
HCFC-141 CH2CICHCIF 1.14 0.072 4.08 168 4.17 46.6 4.17 13.3 0.00441 103 0.00333 8.43 4550 5350
HCFC-141b CH3CCl,F 9.4 0.161 65.9 2710 | 77 860 77 246 0.115 269 0.064 162 82100 | 97700
HCFC-142b CH3CCIF, 18 0.193 134 5510 | 205 2300 | 207 658 0.611 1430 | 0.203 514 203000 | 257000
HCFC-225ca CHCI,CFCF3 1.9 0.219 12 491 12.2 137 12.2 39 0.013 30.4 0.00979 24.8 13300 15700
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HCFC-225cb CHCIFCF2CCIF2 5.9 0.293 47.8 1960 50.8 568 50.8 162 0.0582 136 0.0414 105 54900 64800
HCFO-1233zd(E) (E)-CF3CH=CHCI 0.116 0.065 0.34 14 0.347 3.88 0.347 1.11 0.000364 0.851 0.000276 0.7 380 447
HCFO-12332zd(2) (2)-CFsCH=CHCI 0.036 0.025 0.0398 1.64 | 0.0406 0.454 | 0.0406 0.129. | 4.25x10° | 0.099 |(3.23x10° | 0.082 | 44.4 52.3
(e)-1-chloro-2-fluoroethene (E/Z)-CHCI=CHF 0.005 0.001 0.00032 0.013 0.000327 0.004 0.000327 0:001 3.42x1077 0.001 2.6x10°° 0.001 0.357 0.42
Hydrofluorocarbons
HFC-23 CHF3 228 0.191 301 12400 1310 14600 3300 10500 6.6 15400 5.95 15100
HFC-32 CHaF, 5.4 0.111 65.5 2690 | 69 771 69 220 0.0775 181 0.0561 142 74600 | 88000
HFC-41 CHsF 2.8 0.025 11.8 485 12.1 135 12.1 386 | 0.013 304 | 0.00972 24.6 13200 | 15500
HFC-125 CHF,CF3 30 0.234 164 6740 335 3740 349 1110 1.41 3300 0.512 1300
HFC-134 CHF2CHF, 10 0.194 95 3900 | 113 1260 | 113 361 0.18 420 0.0944 239 120000 | 143000
HFC-134a CH2FCF3 14 0.167 101 4140 137 1530 137 436 0.314 733 0.121 306 141000 172000
HFC-143 CH2FCHF> 3.6 0.128 31.7 1300 32.6 364 32.6 104 0.0353 82.6 0.0263 66.6 35400 41700
HFC-143a CHsCF3 51 0.168 191 7840 520 5810 609 1940 2.53 5910 1.28 3250
HFC-152 CH2FCH2F 0.471 0.045 1.89 77.6 1.93 21.5 1.93 6.14 0.00203 4.74 0.00153 3.89 2110 2480
HFC-152a CH3CHF2 1.6 0.102 14.4 591 14.7 164 14.7 46.8 0.0156 36.5 0.0118 29.8 16000 18900
HFC-161 CH3CHaF 0.219 0.016 0.424 1747 0.433 484 | 0433 138 | 0.000454 | 1.06 | 0.000344 | 0.872 | 473 557
HFC-227ca CF3CF2CHF> 30 0.264 131 5370 267 2980 278 885 1.12 2620 0.407 1030
HFC-227ea CF3CHFCF; 36 0.273 142 5850 | 322 3600 | 345 1100 | 1.45 3400 | 0.588 1490
HFC-236¢b CH2FCFCF3 13.4 0.231 91.2 3750 | 121 1350 | 121 387 0.265 620 0.106 268 125000 | 153000
HFC-236ea CHF2CHFCF3 11.4 0.3 108 4420 134 1500 134 428 0.245 572 0.114 288 141000 170000
HFC-236fa CF3CH,CF3 213 0.251 181 7450 | 777 8690 | 1900 6040 | 3.93 9200 | 35 8870
HFC-245ca CH2FCF,CHF> 6.6 0:24 65.3 2680 70.5 787 70.5 225 0.0836 196 0.0576 146 76000 89800
HFC-245¢h CF3CF2CH3 39.9 0.251 170 6970 | 407 4550 | 445 1420 | 1.89 4410 | 0.817 2070
HFC-245ea CHF2CHFCHF2 3.2 0.16 22.2 912 22.8 255 22.8 72.6 0.0246 57.4 0.0183 46.5 24800 29200
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HFC-245eb CH2FCHFCF3 3.2 0.204 283 1160 | 29 325 | 201 92.6 | 00313 732 | 0.0234 502 | 31600 | 37200
HFC-245fa CHF2CH2CF 7.9 0.245 771 3170 | 86.1 962 | 86.1 274 | 0112 262 | 0.0708 180 | 92500 | 109000
HFC-263fb CH3CH2CF> 11 0.1 6.55 269 | 6.69 748 | 6.69 213 | 000707 | 165 | 0.00534. | 135 | 7300 8590
HFC-272ca CH3CF2CHs 9 0.08 46.4 1910 | 536 509 | 536 71 | 0.0771 180 | 0.0444 113 | 57300 | 68100
HFC-329p CHF,CFCFoCFs 32 0313 122 5010 | 259 2890 | 272 866 | 1.12 2610 | 0.421 1070
HFC-365mfc CH3CF2CH2CFs 8.9 0.228 711 2920 | 817 914 | 818 261 | 0117 272 | 0.0677 172 | 87400 | 104000
HFC-43-10mee CFsCHFCHFCFACFs 17 0.357 9.3 3960 | 143 1600 | 144 458 | 0.403 943 | 0.137 347 | 143000 | 180000
HFO-1123 CHF=CF; 0.004 0.002 0.000414 | 0.017 | 0.000423 | 01005 | 0.000423 | 0.001 | 4.42x107 | 0.001 | 3.36x107 | 0.001 | 0.462 | 0.544
HFO-1132a CHy=CF, 0.013 0.004 0.0046 0.189 | 0.00469 | 0,052 | 0.00469 | 0.015 | 4.91x10 | 0.011 | 3.73x10 | 0.009 | 5.13 6.04
HFO-1141 CHz=CHF 0.007 0.002 0.00213 | 0.088 | 0.00217 | 0.024 | 0.00218 | 0.007 | 2.28x10% | 0.005 | 1.73x106 | 0.004 | 2.38 2.8
HFO-1225ve(2) (2)-CFsCF=CHF 0.027 0.025 0.0302 1.24 | 0.0308 0344 | 0.0308 0.098 | 3.23x105 | 0.075 | 2.45x105 | 0.062 | 33.7 396
HFO-1225ve(E) (E)-CFsCF=CHF 0.016 0.015 0.0104 0426 | 0.0106 0.118" | 0,0106 0034 | 1.11x10° | 0.026 | 841x10° | 0.021 | 116 136
HFO-1234ze(2) (2)-CFsCH=CHF 0.027 0.02 0.0276 113 | 0.0282 0.315. | 0.0282 0.09 | 2.95x<10° | 0.069 | 2.24x10° | 0.057 | 30.8 36.2
HFO-1234z¢(E) (E)-CFsCH=CHF 0.052 0.045 0.12 494 | 0.123 137 | 0123 0391 | 0.000129 | 0.3 9.75x10° | 0247 | 134 158
HFO-1234yf CF3CF=CH, 0.033 0.026 0.044 181 | 0.0449 0501 | 0.0449 0.143 | 47x10° | 011 | 3.57x10° | 009 | 49.1 57.7
HFO-1336mz2(E) (E)-CFsCH=CHCF> 0.334 0.132 157 643 1.6 179 | 16 509 | 0.00168 | 392 | 000127 | 322 | 1750 2050
HFO-1336mzz(2) (2)-CFsCH=CHCFs 0.074 0.069 0.182 7.48 | 0.186 208 | 0.186 0592 | 0.000195 | 0.455 | 0.000148 | 0.374 | 203 239
HFO-12432f CFsCH=CH, 0.025 0.015 0.0225 094 | 0.0234 0.261 | 0.0234 0.074 | 2.45x105 | 0.057 | 1.86x105 | 0.047 | 255 30
HFO-1345zfc CFsCF2CH=CH, 0.025 0.016 0.016 0.656 | 0.0163 0.182 | 0.0163 0.052 | 1.71x105 | 0.04 | 1.29x105 | 0.033 | 17.8 21
i:z’::"s’5‘6’6’6'”°”aﬂ”°mhex' n-CaFsCH=CH, 0.025 0.03 0.0179 0734 | 0.0182 0.204 | 0.0182 0.058 | 1.91x105 | 0.045 | 1.45x10- | 0.037 | 19.9 234
f‘rij:c‘;ffuifoiciii:: n-CeF13CH=CH, 0.025 0.034 0.0142 0584 | 0.0145 0.162 | 0.0145 0.046 | 1.52x10° | 0.036 | 1.15x105 | 0.029 | 15.9 18.7
zi:p‘t‘a‘:’jesciffuzzoiiglgeiz101 n-CsF17CH=CH; 0.025 0.038 0.0124 0508 | 0.0126 0141 | 0.0126 004 | 1.32x105 | 0.031 | 0.00001 | 0.025 | 13.8 16.2
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3,3,3-trifluoro-2-

i (CF3)2C=CH2 0.028 0.033 0.0331 1.36 0.0337 0.377 0.0337 0.107 3.53x10°5 0.083 2.68x10°5 0.068 36.9 43.4

(trifluoromethyl)prop-1-ene
1,1,2,2,3,3-

cyc (-CF2CF2CF2CH2CH,-) 1.6 0.2 10.5 431 10.7 120 10.7 34.2 0.0114 26.6 0.00857 21.7 11700 13800
hexafluorocyclopentane
1,1,2,2,3,3,4-

cyc (-CF2CF2CF,CHFCH2-) 2.8 0.243 20.2 830 20.7 231 20.7 66 0.0222 52 0.0166 42.1 22500 26500
heptafluorocyclopentane
1,3,3,4,4,5,5-

cyc (-CF2CF2CF,CF=CH-) 0.61 0.215 3.95 162 4.03 45.1 4.03 12.8 0.00424 9.92 0.00321 8.14 4400 5180
heptafluorocyclopentene
(4s,55)-1,1,2,2,3,3,4,5- trans-cyc (-

2 .2 22. 2 23.1 2 23.1 73. .024 2 .01 47.1 251 2

octafluorocyclopentane CF2CF2CF2CHFCHF-) 3 0.259 > 925 3 58 3 3.6 RN 58 0.0186 >100 9600
HFO-1438ezy(E) (E)-(CF3)2CFCH=CHF 0.334 0.079 0.721 29.6 0.736 8.22 0.736 2.34 0.000773 1.81 0.000585 1.48 804 946
HFO-1447fz CF3(CF2)2CH=CH; 0.025 0.028 0.0206 0.847 0.024 0.235 0.021 0.067. 2.2x10°° 0.051 1.67x10> | 0.042 23 27.1
1,3,3,4,4-pentafluorocyclobutene | cyc (-CH=CFCF2CF2-) 0.74 0.27 8.1 333 8.27 92.4 8.27 26.4 0.00872 204 0.00659 16.7 9030 10600
3,3,4,4-tetrafluorocyclobutene cyc (-CH=CHCF2CF»-) 0.23 0.21 2.24 92.1 2.29 25.6 2.29 7.29 0.0024 5.61 0.00182 4.61 2500 2940

Chlorocarbons and Hydrochlorocarbons

Methyl chloroform CHsCCls 5 0.065 13.8 567 14.4 161 14.4 46 0.016 375 0.0117 29.7 15600 18400
Carbon tetrachloride CCla 32 0.166 92.7 3810 196 2200 206 658 0.849 1990 0.32 810

Methyl chloride CHsCl 0.9 0.005 0.485 19.9 0.495 5.54 0.496 1.58 0.000523 1.22 0.000395 1 541 637
Methylene chloride CHCl2 0.493 0.029 0.978 40.2 0.998 11.2 0.998 3.18 0.00105 2.46 0.000795 2.01 1090 1280
Chloroform CHCl3 0.501 0.074 181 74.2 1.84 20.6 1.84 5.87 0.00194 4.53 0.00147 3.72 2010 2370
Chloroethane CHsCHCI 0.132 0.004 0.0422 1.73 0.043 0.481 0.043 0.137 4.51x10-° 0.105 3.42x10-° 0.087 47 55.4
1,2-dichloroethane CH2CICH.CI 0.225 0.009 0.114 4.68 0.116 13 0.116 0.371 0.000122 0.285 9.25x10°° 0.234 127 150
1,1,2-trichloroethene CHCI=CCl2 0.015 0.006 0.00385 0.158 0.00393 0.044 0.00393 0.013 4.11x10% | 0.01 3.12x10°° 0.008 4.3 5.06
1,1,2,2-tetrachloroethene CCl=CCl, 0.301 0.052 0.556 22.8 0.567 6.34 0.567 1.81 0.000596 1.39 0.000451 1.14 620 730
2-chloropropane CH3CHCICH3 0.06 0.004 0.0158 0.651 0.0162 0.181 0.0162 0.052 1.69x10-° 0.04 1.28x10¢ | 0.033 17.7 20.8
1-chlorobutane CH3(CH2)2CHCI 0.012 0.001 0.000595 0.024 0.000607 0.007 0.000607 0.002 6.35x107 | 0.001 4.82x10~7 | 0.001 0.664 0.781

Bromocarbons, hydrobromocarbons and halons
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Methyl bromide CH3Br 0.8 0.004 0.213 8.74 0.217 2.43 0.217 0.692 0.000229 0.535 0.000173 0.438 237 279
Methylene bromide CH2Br2 0.411 0.01 0.133 5.45 0.135 1.51 0.135 0.431 0.000142 0.333 0.000108 0.273 148 174
Halon-1201 CHBrF2 4.9 0.152 325 1340 34 380 34 108 0.0376 88 0.0275 69.8 36800 43400
Halon-1202 CBr2F2 2.5 0.272 18.9 775 19.3 216 19.3 61.5 0.0207 48.4 0.0155 39.3 21000 24800
Halon-1211 CBrCIF2 16 0.3 120 4920 173 1930 173 552 0.458 1070 0.16 406 174000 | 217000
Halon-1301 CBrF3 72 0.299 202 8320 644 7200 864 2750 3.23 7560 2 5060

Halon-2301 CH2BrCF3 3.2 0.135 15.5 635 15.9 177 15.9 50.6 0.0171 40 0.0128 324 17200 20300
Halon-2311 CHBrCICF; 1 0.133 3.94 162 4.03 45 4.03 12:8 0.00425 9.95 0.00321 8.14 4400 5170
Halon-2401 CHBrFCF3 2.9 0.189 17.6 723 18 201 18 575 0.0194 453 0.0145 36.7 19600 23100
Halon-2402 CBrF.CBrF; 28 0.312 99 4070 194 2170 201 639 0.791 1850 0.277 702

Tribromomethane CHBr3 0.156 0.006 0.0219 0.901 0.0224 0.25 0.0224 0.071 2.35x10° | 0.055 2'000017 0.045 24.5 28.8
Halon-1011 CH2BrCl 0.452 0.02 0.415 17.1 0.424 4.74 0.424 1.35 0.000446 1.04 0.000337 0.855 463 545
Bromoethane CH3CH2Br 0.137 0.006 0.0427 1.75 0.0436 0.487 0.0436 0.139 4.57x1075 0.107 3.46x10°5 0.088 47.6 56
1,2-dibromoethane CH2BrCH2Br 0.244 0.012 0.0894 3.67 0:0913 1.02 0.0913 0.291 9.58x10-° 0.224 7.26x10-° 0.184 99.7 117
1-bromopropane CH3CH2CH2Br 0.041 0.002 0.00457 0.188 0.00466 0.052 0.00466 0.015 4.88x107° 0.011 3.71x10°6 0.009 5.1 6
2-bromopropane CH3CHBrCHs 0.055 0.004 0.011 0.453 0.0112 0.126 0.0112 0.036 1.18x10°° 0.028 8.93x10°6 0.023 12.3 14.5
Fully fluorinated species

Nitrogen trifluoride NF3 569 0.204 326 13400 1560 17400 5720 18200 7.81 18200 7.89 20000
Pentadecafluorotriethylamine N(CaFs)s 1000 0.61 188 7700 923 10300 | 3860 12300 | 4.61 10800 | 4.81 12200
Perfluorotripropylamine N(CF2CF2CF3)3 1000 0.75 164 6750 808 9030 3380 10800 4.03 9430 4.21 10700
Heptacosafluorotributylamine N(CF2CF2CF2CF3)3 1000 0.907 154 6340 759 8490 3170 10100 | 3.79 8860 3.96 10000
Perfluorotripentylamine N(CF2CF2CF2CF2CF3)3 1000 0.95 132 5420 650 7260 2720 8650 3.24 7580 3.39 8580
Heptafluoroisobutyronitrile (CF3)2CFCN 34.5 0.248 111 4580 246 2750 262 835 1.09 2560 0.431 1090

Sulfur hexafluoride SFe 3200 0.567 445 18300 | 2250 25200 | 10700 34100 | 11.2 26200 | 12.1 30600
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Trifluromethylsulfur
pentafluoride SFsCF3 800 0.585 339 13900 | 1660 18500 | 6610 21100 | 8.27 19300 | 8.54 21600
Sulfuryl fluoride SOF; 36 0.211 183 7510 | 414 4630 | 444 1410 | 1.87 4360 | 0756 1920
PFC-14 CFs 50000 0.099 129 5300 | 660 7380 | 3320 10600 | 3.28 7660. | 3.57 9050
PFC-116 CoFs 10000 0.261 218 8940 | 1110 12400 | 5500 17500 | 5.51 12900 | 5.99 15200
PFC-218 CiFs 2600 0.27 165 6770 | 831 9290 | 3890 12400 | 4.13 9660 . | 4.44 11200
Hexafluorocyclobutene cyc (-CF=CFCF,CF>-) 1.02 0.3 11 453 11.3 126 11.3 35.9 0.0119 27.8 0.00898 22.8 12300 14500
PFC-C-318 cyc (-CF2CF5CF2CF-) 3200 0.314 180 7400 | 912 10200 |4330 13800 | 4.53 10600 | 4.88 12400
PFC-31-10 n-CaF10 2600 0.369 178 7300 | 897 10000-|- 4200 13400 | 4.46 10400 | 4.79 12100
Octafluorocyclopentene cyc (-CF=CFCF,CF2CF2-) 1.1 0.246 6.84 281 6.99 78.1 6.99 223 0.00739 173 0.00557 14.1 7620 8970
PFC-41-12 n-CsF12 4100 0.408 163 6680 | 825 9220 | 3970 12700 | 4.1 9580 | 4.43 11200
PFC-51-14 n-CsF1s 3100 0.449 153 6260 | 771 8620 . 3660 11600 | 3.83 8960 | 4.12 10500
PFC-61-16 n-CrF16 3000 0.503 149 6120 | 752 8410 | 3560 11300 | 3.74 8740 | 4.02 10200
PFC-71-18 n-CsF1s 3000 0.558 146 6010 | 739 8260 | 3500 11100 | 3.67 8590 | 3.95 10000
PFC-91-18 CioF1s 2000 0.537 133 5480 | 669 7480 | 3070 9780 | 3.33 7790 | 3.56 9010
;alOzctzaz:c:fﬁjzf;:’pifhzlznseg Z-C1oF1s 2000 0.56 139 5710 | 698 7800 | 3200 10200 | 3.47 8120 | 3.71 9400
;alozctzazjc;‘fﬁjif;:’pifhzlzngeg E-CioF1s 2000 0.512 127 5220 | 637 7120 | 2920 9310 | 3.17 7420 | 3.39 8580
PFC-1114 CF,=CF, 0.003 0.002 0.000347 | 0.014 | 0.000354 | 0.004 | 0.000354 | 0.001 | 3.71x10~7 | 0.001 | 2.81x107 | 0.001 | 0.387 0.456
PFC-1216 CF3CF=CF, 0.015 0.013 0.00788 0.324 | 0.00804 0.09 0.00804 0.026 | 8.42x10° | 0.02 6.39x10° | 0.016 | 8.8 10.3
(11};2(;3’4’4'“"”'”°r°b”ta'1’3' CF2=CFCF=CF, 0003 0.003 0.000347 | 0.014 | 0.000354 | 0.004 | 0.000354 | 0.001 | 3.71x10” | 0.001 | 2.82x10 | 0.001 | 0.388 | 0.456
Octafluoro-1-butene CF3CF2CF=CF, 0.016 0.019 0.00891 0.366 | 0.00909 0.102 | 0.00909 0.029 | 9.52x10 | 0.022 | 7.22x105 | 0.018 | 9.94 11.7
Octafluoro-2-buene CF3CF=CFCF3 0.085 0.07 0.173 7.1 0.176 1.97 0.176 0.562 | 0.000185 | 0.432 | 0.00014 0355 | 193 227
Halogenated alcohols, ethers, furans, aldehydes and ketones
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HFE-125 CHF,0CF3 135 0.417 328 13500 1280 14300 2410 7680 6.5 15200 5.17 13100
HFE-134 CHF20CHF2 26.9 0.449 310 12700 593 6630 610 1940 2.37 5530 0.814 2060
HFE-143a CH30OCF3 4.9 0.189 52.8 2170 55.1 616 55.1 176 0.0611 143 0.0447 113 59700 70400
HFE-227ea CF3CHFOCF3 54.8 0.459 238 9800 673 7520 808 2570 3.3 7720 1.75 4440
HCFE-235ca2 CHF20CF,CHFCI 4.42 0.409 56.4 2320 58.5 654 58.5 186 0.0642 150 0.0473 120 63400 74800
HCFE-235da2 CHF20CHCICF3 3.5 0.426 46.9 1930 48.2 539 482 154 0.0522 122 0.0388 98.4 52400 61700
HCFE-236ea2 CHF,0OCHFCF3 14.1 0.464 171 7020 232 2590 233 741 0.537 1260 0.206 521 239000 292000
HFE-236fa CF3CH,0CF3 75 0.371 89.4 3670 98.7 1100 98.8 315 0.125 291 0.0811 205 106000 126000
HFE-245cbh2 CF3CF,0CH3 5 0.336 64 2630 66.9 747 66.9 213 0.0743 174 0.0542 137 72400 85400
HFE-245fal CHF2CH20CF3 6.7 0.314 77.2 3170 83.6 934 83.6 266 0.0998 233 0.0683 173 90100 106000
HFE-245fa2 CHF,0CH2CF3 5.5 0.36 74.5 3060 78.6 878 78.6 251 0.0886 207 0.0639 162 85000 100000
2,2,3,3,3-pentafluoropropan-1-ol CFsCF,.CH20H 0.471 0.164 3.01 123 3.07 343 3.07 9.78 0.00323 7.54 0.00244 6.19 3350 3940
HFE-254cb1 CH3OCF2CHF2 25 0.26 28.7 1180 29.3 328 29.3 93.5 0.0314 73.4 0.0235 59.6 31900 37600
HFE-263mf CF3CH,0CH3 0.077 0.046 0,181 7.43 0.184 2.06 0.185 0.588 0.000193 0.452 0.000147 0.371 202 237
HFE-263m1 CF30CH2CH3 0.397 0.126 2.56 105 2.61 29.2 2.61 8.32 0.00274 6.42 0.00208 5.27 2850 3360
3,3,3-trifluoropropan-1-ol CF3CH2CH,0H 0.041 0.026 0.0544 2.23 0.0555 0.62 0.0555 0.177 5.81x10°5 0.136 4.41x10°5 0.112 60.7 71.4
HFE-329mcc2 CHF2CF0CF,CF3 25 0.545 184 7550 337 3770 345 1100 1.29 3020 0.432 1090
HFE-338mmz1 (CF3)2CHOCHF 22.3 0.452 158 6500 272 3040 276 880 0.967 2260 0.314 797
HFE-338mcf2 CF3CH20CF,CF3 7.5 0.454 84.2 3460 93 1040 93.1 297 0.117 274 0.0764 194 100000 118000
HFE-347mmz1 (CF3)2CHOCH2F 1.9 0.308 17.1 702 17.5 195 17.5 55.7 0.0186 435 0.014 354 19000 22400
HFE-347mcc3 CH30CF2CF,CF3 51 0.339 49.2 2020 51.5 576 51.6 164 0.0574 134 0.0418 106 55800 65800
HFE-347mcf2 CHF2CH20CF,CF3 6.7 0:431 79.6 3270 86.2 963 86.2 275 0.103 241 0.0705 179 92900 110000
HFE-347pcf2 CHF2CF,0CH.CF3 6.1 0.482 82.1 3370 87.6 980 87.7 279 0.101 237 0.0715 181 94700 112000
HFE-347mmy1 (CF3)2CFOCH3 3.7 0.318 34.1 1400 35.1 392 35.1 112 0.0381 89 0.0283 71.8 38100 44900
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HFE-356mec3 CHsOCF2CHFCFs 25 0.288 231 949 | 236 264 | 236 753 | 0.0253 502 | 0.019 48 25700 | 30300
HFE-356mff2 CF2CH20CHACF5 0.351 0.19 214 88 2.19 244 | 2.19 697 | 0.0023 537 | 0.00174 | 441 | 2390 2810
HFE-356pcf2 CHF2CH,0CF,CHF; 6 0.378 69.8 2870 | 744 831 | 744 237 _ | 0.0856 200 |/0.0606 154 | 80400 | 94800
HFE-356pcf3 CHF20CHCFCHF; 35 0378 421 1730 | 433 484 | 433 138 | 0.0469 110 | 0:0349 884 | 47000 | 55400
HFE-356pcc3 CH:OCF,CF.CHF, 25 0.303 242 995 | 2438 277 | 248 79 0.0266 621 | 00199 504 | 27000 | 31800
HFE-356mmz1 (CF3)2CHOCH: 0.178 0125 0.713 293 | 0.728 813 | 0.728 232 | 0000763 | 1.78 | 0000579 | 1.47 | 795 936
HFE-365mcf3 CFsCF2CH20CH5 0.069 0.058 0.141 577 | 0.143 16 0.143 0457 | 0.00015 ['0351 | 0.000114 | 0.289 | 157 184
HFE-374pc2 CHF2CF>0CH,CHs 0.208 0.132 11 45 1.12 125 | 112 356 | 0.00117 | 274 | 0.000889 | 2.25 | 1220 1440
4,4,4-trifluorobutan-1-ol CF3(CH2)2CH20H 0.015 0.006 000433 | 0.178 | 000442 | 0,049 | 0.00442 | 0.014 | 463x10° | 0.011 | 3.51x10° | 0.009 | 4.84 5.69
2,2,3,3,4,4,5,5
oetafiorooropentan-i-ol cyc (-(CF2)«CH(OH)-) 0.301 0.156 1.2 491 | 122 1836 | 1.22 389 |o0o00128 |3 0.000971 | 246 | 1330 1570
HFE-43-10pccc124 CHF20CF,0CF,CF,0CHF, | 14.1 1.03 212 8720 | 288 3220|289 920 | 0.667 1560 | 0.255 647 | 297000 | 363000
HFE-44951 CaFoOCHs 48 036 395 16201 | 412 460 | 412 131 | 0.0455 106 | 0.0334 846 | 44600 | 52600
n-HFE-7100 CFsCF2CF2CF,0CHs 48 0.425 46.7 1920 | 486 544 | 487 155 | 0.0538 126 | 0.0394 99.9 | 52700 | 62200
-HFE-7100 (CF)2CFCF,0CH3 4.8 0.341 375 1540 | 39.1 437 | 391 124 | 0.0432 101 | 0.0317 80.2 | 42300 | 49900
HFE-569sf2 CaFsOC2HSs 0.8 0.301 532 219 | 5.43 60.7 | 5.43 173 | 000573 | 13.4 | 000433 | 11 5930 6980
-HFE-7200 (CF3)2CFCF,0CH,CHs 0.63 0,216 3.01 124|307 323 | 3.07 978 | 0.00323 | 7.56 | 0.00245 | 6.2 3350 3950
HFE-7300 (CF3)2CFCFOC,HsCFACFoCF5 | 5.24 048 345 1420 36.2 405 | 36.2 115 | 0.0405 947 | 0.0294 746 | 39200 | 46200
HFE-7500 n-CaF7CFOC;HsCF(CFa)s 03 0.27 1.14 47 117 13 117 372 | 000123 | 286 | 0.000928 | 2.35 | 1270 1500
HFE-236cal2 CHF20CF,0CHF, 26.5 0.648 285 11700 | 542 6060 | 557 1770 | 2.15 5020 | 0.733 1860
HFE-338pccl3 CHF,0CF,CF,0CHF, 134 0.87 223 9180 | 297 3320 | 297 948 | 0.649 1520 | 0.259 657 | 307000 | 374000
;1’1’3'3’3'hexaﬂu°r°pmpan'z' (CF3)2CHOH 19 0.274 18.1 742 185 206 185 588 | 0.0197 46 0.0148 374 | 20100 | 23700
HG-02 CHF2(OCF2CF2);0CHF, 26.9 115 268 11000 | 513 5730 | 528 1680 | 2.05 4780 | 0.704 1780
HG-03 CHF2(OCF2CF2):0CHF; 269 1.43 250 10300 | 479 5350 | 492 1570 | 1.91 4470 | 0.657 1660
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Fluroxene CF3CH,0CH=CH; 0.01 0.011 0.00505 0.207 | 0.00515 0.058 | 0.00515 0.016 | 5.39x105 | 0.013 | 4.09x10% | 0.01 5.63 6.63
2-ethoxy-3,3,4,4,5-
tafluorotetrahydro-2,5-
pentatiuorotetranycro-%, C12HsF1902 0.81 0.489 4.27 175 436 48.7 436 13.9 0.0046 10.7 0.00347 8.8 4760 5600
bis[1,2,2,2-tetrafluoro-1-
(trifluoromethyl)ethyl]-furan
Difluoro(methoxy)methane CH3OCHF; 1.1 0.153 11.9 491 12.2 136 12.2 38.9 0.0129 30.1 0.00973 24.7 13300 15700
HG'-01 CH3OCF2CF20CH3 1.7 0.289 17.7 727 18.1 202 18.1 57.7 0.0192 45 0.0145 36.7 19700 23200
HG'-02 CH30(CF2CF20)2CH3 1.7 0.562 20 823 20.5 229 20.5 65.3 0.0218 50.9 0.0164 41.5 22300 26300
HG'-03 CH30(CF2CF20)3CHs 1.7 0.762 19.2 789 19.6 219 19.6 62.5 0.0209 48.8 0.0157 39.8 21400 25200
HFE-329me3 CF3CFHCF,0CF3 33.6 0.489 180 7410 | 393 4390 {416 1330 | 1.73 4040 | 0.671 1700
4,4, 7,7,7-
3:3,4,4,5,56,6.17, CF3(CF2)4CH2CH,0H 0.047 0.054 0.0468 1.92 0.0477 0.533 | 0.0477 0.152" | 5x10° 0.117 | 3.79x105 | 0.096 | 52.2 61.4
undecafluoroheptan-1-ol
3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-
CF3(CF2)sCH2CH20H 0.047 0.06 0.0394 1.62 0:0401 0.449-.| 0.0402 0.128 | 4.21x10 | 0.098 | 3.19x105 | 0.081 | 43.9 51.7
pentadecafluorononan-1-ol
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1
1,11,11-nonadecafluoroundecan- | CF3(CF2)sCH2CH,0H 0.047 0.045 0.024 0.985/ | 0.0245 0:273 .| '0.0245 0.078 | 2.56x105 | 0.06 1.94x10°5 | 0.049 | 26.8 31.5
1-ol
2-chloro-1,1,2-trifluoro-1-
choro rifluore CH3OCF2CHCIF 1.43 0.211 11.9 488 12.1 136 121 387 | 00129 301 | 0.0097 246 | 13200 | 15600
methoxyethane
PFPMIE CF30CFCF3CF,0CF,0CF3 800 0.64 189 7750 [.920 10300 | 3680 11700 | 4.59 10700 | 4.75 12000
HFE-216 CF30CF=CF; 0.004 0.006 0.000909 | 0.037 |'0.000927 | 0.01 0.000928 | 0.003 | 9.71x107 | 0.002 | 7.37x107 | 0.002 | 1.01 1.19
Perfluoroethyl formate CF3CF,0CHO 36 0.408 51.9 2130 | 53.4 597 53.4 170 0.0579 135 0.0431 109 58000 68400
2,2,2-trifluoroethyl formate CF3CH20CHO 0.548 0.192 4.8 197 4.9 54.8 4.9 15.6 0.00516 12.1 0.0039 9.89 5350 6300
Formic acid;1,1,1,3,3,3-
ormicac (CF3)2CHOCHO 31 0.255 235 964 24.1 269 24.1 767 | 0.0259 60.6 | 0.0194 49 26100 | 30800
hexafluoropropan-2-ol
Ethenyl 2,2,2-trifluoroacetate CF3COOCH=CH; 0.004 0.004 0.000705 | 0.029 | 0.000719 | 0.008 | 0.000719 | 0.002 | 7.52x107 | 0.002 | 5.71x107 | 0.001 | 0.786 0.925
Ethyl 2,2,2-trifluoroacetate CF3COOCH,CHs 0.06 0.056 0.139 5.7 0.142 1.58 0.142 0.451 | 0.000148 | 0.347 | 0.000112 | 0.285 | 155 182
Prop-2-enyl 2,2,2-
: CF3COOCH;CH=CH, 0.003 0.005 0.000636 | 0.026 | 0.000648 | 0.007 | 0.000649 | 0.002 | 6.79x10~7 | 0.002 | 5.15x107 | 0.001 | 0.71 0.835
trifluoroacetate
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Methyl 2,2,2-trifluoroacetate CF3COOCH; 1 0.158 7.21 296 7.36 82.3 7.36 235 0.00778 18.2 0.00587 14.9 8030 9460
2,2,3,3,4,4,4-heptafluorobutan-
Lo eptatiuorobutan 1 . cr,CF,CH,0H 0.55 0.199 32 131 3.26 365 | 3.26 104 | 000343 | 803 | 0.0026 658 | 3560 4190
L,1,2-trifluoro-2- CHF2CHFOCFs 9 0.353 97.6 4010 | 113 1260 | 113 359 0.162 379 0.0933 236 120000 | 143000
(trifluoromethoxy)ethane
L-ethoxy-1,1,2,3,3,3- CF3CHFCF20CH,CHs 0.403 0.193 232 95.2 2.37 26.4 2.37 7.54 0.00249 5.81 0.00188 4.77 2580 3040
hexafluoropropane
1,1,1,2,2,3,3-heptafluoro-3-
(1,2,2,2- CF3CF,CF20CHFCF3 59.4 0.591 202 8320 | 593 6630 [ | 733 2340 | 2.94 6860 | 1.63 4140
tetrafluoroethoxy)propane
2,2,3,3-tetrafluoropropan-1-ol CHF2CF>CH,0H 0.255 0.112 1.27 52 1.29 14.4 1.29 4.12 0.00136 3.17 0.00103 2.6 1410 1660
2,2,3,4,4,4-hexafluorobutan-1-ol | CF3CHFCF,CH,OH 0.367 0.227 2.67 110 2.73 30.5 2.73 8.69 0.00287 6.7 0.00217 5.5 2980 3510
1,1,2,2-tetrafluoro-3-
CHF2CF2CH20CH3 0.071 0.052 0.147 6.03 0.15 1.68 0.15 0.478 | 0.000157 | 0.367 | 0.000119 | 0.302 | 164 193

methoxypropane
1,1,1,2,2,4,5,5,5-nonafluoro-4-

) CF3CF,COCF(CF3); 0.019 0.028 0.01 0.411 | 0.0102 0.114 |10.0102 0.033 | 1.07x105 | 0.025 | 8.12x105 | 0.021 | 11.2 13.1
(trifluoromethyl)pentan-3-one
3,3,3-trifluoropropanal CF3CH2CHO 0.008 0.005 0.00221 0.091 | 0.00225 0.025 | 0.00225 0.007 | 2.36x105 | 0.006 | 1.79x105 | 0.005 | 2.46 2.9
2-fluoroethanol CH,FCH,0H 0.044 0.012 0.0465 1.91 0.0474 0.53 0.0474 0.151 | 4.97x105 | 0.116 | 3.77x105 | 0.095 | 51.9 61
2,2-difluoroethanol CHF>CH,0H 0.167 0.046 0.542 223 0.553 6.18 0.553 1.76 0.00058 1.36 0.00044 1.11 605 711
2,2,2-trifluoroethanol CF3CH,0H 0.458 0.117 3.13 129 3.2 35.7 3.2 10.2 0.00336 7.86 0.00254 6.44 3490 4110
HG-04 CHF>0(CF>CF20)4CHF, 26.9 1.46 204 8400 | 392 4380 | 403 1280 | 1.56 3660 | 0.538 1360
Methyl-perfluoroheptene-ethers | CH3OCsFi3 0.304 0.27 132 54.4 1.35 15.1 1.35 43 0.00142 331 0.00107 2.72 1480 1740
1,1,1-trifluoropropan-2-one CF3COCH;3 0.014 0.011 0.00788 0.324 | 0.00804 0.09 0.00804 0.026 | 8.42x105 | 0.02 6.39x105 | 0.016 | 8.79 10.3
1,1,1-trifluorobutan-2-one CF3COCH,CHs 0.018 0.01 0.00834 0.343 | 0.00851 0.095 | 0.00851 0.027 | 8.91x10 | 0.021 | 6.76x105 | 0.017 | 9.31 11
1-chloro-2-ethenoxyethane CICH2CH20CH=CH; 0 0.001 1.65x105 | 0.001 | 1.68x10°5 | 0 1.68x10°5 | 0 1.76x108 | 0 1.33x108 | 0 0.018 0.022
2-methylpentan-3-one CH3CH>COCH(CHs)2 0.015 0.02 0.0175 0.719 | 0.0179 0.2 0.0179 0.057 | 1.87x10 | 0.044 | 1.42x105 | 0.036 | 19.5 23
Ethyl methyl ether CH3CH,0CH; 0.005 0.002 0.000856 | 0.035 | 0.000873 | 0.01 0.000873 | 0.003 | 9.14x107 | 0.002 | 6.94x107 | 0.002 | 0.955 1.12
Octafluorooxolane c-CaFz0 3000 0.463 246 10100 | 1240 13900 | 5890 18800 | 6.18 14500 | 6.65 16900
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Crotonaldehyde CH3CH=CHCHO 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0
Methyl vinyl ketone CH3COCH=CH. 0.001 0 2.48x10°° 0.001 2.53%x10°5 0 2.53x10°5 0 2.64x108 0 2.01x10°8 0 0.028 0.033
Allyl ether (CH2=CHCH).0 0 0.001 1.19x10-° 0 1.22x10> 0 1.22x10> 0 1.27x1078 0 9.65%x10-° 0 0.013 0.016
Allyl ethyl ether CH3CH20CH2CH=CH> 0.001 0.001 3.39x10°° 0.001 3.46%x10°5 0 3.46%x10°5 0 3.62x108 0 2.75x1078 0 0.038 0.045
(z)-hex-2-en-1-ol CH3CH2CH2CH=CHCH20H 0 0.038 0.000223 0.009 0.000228 0.003 0.000228 0.001 2.38x1077 0.001 1.81x1077 0 0.249 0.293
(e)-hex-2-en-1-ol CH3CH2CH2CH=CHCH,0H 0 0.036 0.000208 0.009 0.000212 0.002 0.000212 0.001 2.22x107 0.001 1.68x10~7 0 0.232 0.273
Miscellaneous compounds
Allyl cyanide CH2=CHCH.CN 0.002 0 4.08x10> 0.002 4.16x1075 0 4.16x1075 0 4.35x10°8 0 3.3x10°8 0 0.045 0.054
Hexamethyldisiloxane CeH180Si2 0.025 0.047 0.0418 1.72 0.0426 0.476 0.0426 0.136 4.46x10°5 0.104 3.39x10-° 0.086 46.6 54.8
Octamethyltrisiloxane CsH240,Si3 0.019 0.06 0.0285 1.17 0.029 0.325 0.029 0.093 3.04x10-° 0.071 2.31x10°° 0.058 31.8 374
Decamethyltetrasiloxane C10H3003Si4 0.014 0.06 0.0155 0.635 0.0158 0.176 0.0158 0.05 1.65x10-° 0.039 1.25x10°° 0.032 17.3 20.3
Dodecamethylpentasiloxane C12H3604Sis 0.011 0.064 0.0107 0:439 0.0109 0.122 0.0109 0.035 1.14x107° 0.027 8.67x10°6 0.022 11.9 14
Hexamethylcyclotrisiloxane CeH1503Si3 0.038 0.1 0.101 4.14 0.103 1.15 0.103 0.328 0.000108 0.252 8.18x10°° 0.207 113 132
Octamethylcyclotetrasiloxane CgH2404Sia 0.027 0.12 0.0648 2.66 0.0661 0.739 0.0661 0.211 6.92x10-° 0.162 5.25x10°5 0.133 72.3 85.1
Decamethylcyclopentasiloxane C10H300s5Sis 0.016 0.098 0.0253 1.04 0.0258 0.289 0.0259 0.082 2.71x10°° 0.063 2.05x10-° 0.052 28.3 33.3
Dodecamethylcyclohexasiloxane C12H3606Sis 0.011 0.086 0.0124 0.51 0.0127 0.142 0.0127 0.04 1.33x10°° 0.031 1.01x10-> 0.026 13.9 16.3
Ethane CzHe 0.159 0.001 0.0383 1.57 0.0391 0.437 0.0391 0.125 4.1x10°° 0.096 3.11x10°5 0.079 42.7 50.3
Propane CsHs 0.036 0 0.00175 0.072 0.00178 0.02 0.00178 0.006 1.87x10-¢ 0.004 1.42x10°¢ 0.004 1.95 2.29
Butane n-CaH1o 0.019 0 0.000542 0.022 0.000553 0.006 0.000553 0.002 5.79x1077 0.001 4.4x1077 0.001 0.605 0.712

[END TABLE 7.SM.7 HERE]
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[START TABLE 7.SM.8 HERE]

Table 7.SM.8:

7.5M

IPCC AR6 WGI

Estimated uncertainty in the GWP and GTP for CH4 showing the total uncertainty as a percentage of

the best estimate (expressed as 5-95% confidence interval), and the uncertainty by component of the
total emission metric calculation (radiative efficiency, chemistry feedbacks, atmospheric lifetime, CO;
(combined uncertainty in radiative efficiency and CO. impulse response), carbon cycle response, fate
of oxidized fossil methane, and impulse-response function. Uncertainties in individual terms are taken
from Section 7.6, except for the CO, impulse response which comes from (Joos et al., 2013). The
impulse-response uncertainties are calculated by taking 1.645xstandard deviation of the GTPs
generated from 600 ensemble members of the impulse response derived from FalRv1.6.2 and
MAGICC7.5.1 (Section 7.5M.4.2)

Percentage uncertainty in the metric best estimate due to
i Radiative Fossil fuel Impulse rota! i
Metric .. Chemical e L. Carbon . Response uncertainty
efficiency Lifetime (%) CO (%) oxidation . (%)
response (%) cycle (%) function
(%) (%)
(%)
GWP20 20 14 9 18 3 2 0 32
GWP100 20 14 14 26 5 7 0 40
GWP500 20 14 14 29 5 26 0 48
GTP50 20 14 37 22 17 22 31 64
GTP100 20 14 18 28 8 60 38 83
[END TABLE 7.SM.8 HERE]
[START TABLE 7.SM.9 HERE]
Table 7.SM.9:  As Table 7.SM.8, for/N,O
Percentage uncertaintyin the metric best estimate due to
i Radiative Impulse i 9
Metric cle Chemical o Carbon Response Total uncertainty (%)
efficiency o Lifetime (%) CO; (%) o .
(%) response (%) cycle (%) function
(%)
GWP20 16 36 1 18 2 0 43
GWP100 16 36 3 26 5 0 47
GWP500 16 36 8 29 5 0 49
GTP50 16 36 3 25 6 1 46
GTP100 16 36 7 29 6 2 49
[END TABLE 7.SM.9 HERE]
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[START TABLE 7.SM.10 HERE]

Table 7.SM.10: As Table 7.SM.8, for CFC-11

IPCC AR6 WGI

Percentage uncertainty in the metric best estimate due to
Metri Total uncertainty
etric Radiative Lifetime €0, (%) Carbon cycle Impulse Response function (%)
efficiency (%) | (%) 2V (%) (%)
GWP20 22 3 18 2 0 29
GWP100 22 12 26 5 0 37
GWP500 22 19 29 5 0 42
GTP50 22 14 24 6 4 37
GTP100 22 28 28 7 7 47

[ENDTABLE 7.5M.10 HERE]

[START TABLE 7.SM.11 HERE]

Table 7.SM.11: As Table 7.SM.8, for PFC-14 (CF4)

Percentage uncertainty in the metric best estimate due to

Metre ::f?:?:::e Lifetime CO: (%) & A Impulse Response function (%) otal uncertainty (%)
%) Yol (%) * & cyele (%) . P °

GWP20 19 0 18 2 0 26

GWP100 19 0 26 4 0 33

GWP500 19 0 29 5 0 35

GTP50 19 0 25 5 2 32

GTP100 19 0 29 5 1 35

[END TABLE 7.SM.11 HERE]

[START TABLE7:SM.12 HERE]

Table 7.SM.12: "As Table 7.SM.8, for HFC-134a

Percentage uncertainty in the metric best estimate due to
Metric Ra(_:ll.atlve Lifetime Carbon . Total uncertainty (%)
efficiency CO; (%) Impulse Response function (%)
(%) cycle (%)
(%)
GWP20 19 10 18 3 0 28
GWP100 19 19 26 5 0 38
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GWP500 | 19 19 29 5 0 40
GTP50 19 47 22 14 25 62
GTP100 19 30 28 9 37 59

[END TABLE 7.SM.12 HERE]

[START TABLE 7.SM.13 HERE]

Table 7.SM.13: As Table 7.SM.8, for HFC-32

Percentage uncertainty in the metric best estimate due to
Metric Radiative I Total uncertainty (%)
Lif
efficiency (;:)atnme CO; (%) :‘:cr:: o(;) Impulse Response function (%)
(%)
GWP20 19 17 18 3 0 31
GWP100 19 19 26 5 0 38
GWP500 19 19 29 5 0 40
GTP50 19 22 19 26 48 65
GTP100 19 19 29 7 39 56
[END TABLE 7.SM.13 HERE]
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7.SM.7 Data Table
[START TABLE 7.SM.14 HERE]
Table 7.SM.14: Input Data Table. Input datasets and code used to create chapter figures.
Figure number / | Dataset / Code Type Filename / License type Dataset / Code Dataset / Code Related
Table number / name Specificities citation URL publications
Chapter section
(for calculations)
Box 7.2, Figure 1 Code notebooks/350_ch ¢| MIT (Smith et al., https://github.com
apter7_box7.2_fig 2021) [original /chrisroadmap/ar6
Lipynb author Matthew
Palmer]
Box 7.2, Figure 1 Data data_input/fig7.1_ https://github.com
box7.2/ /chrisroadmap/ar6
Figure 7.3 Code notebooks/300_¢ch | MIT (Smith et al., https://github.com
apter7_fig7.3.ipyn 2021) [original /chrisroadmap/ar6
b author Matthew
Palmer]
Figure 7.3 Data data, input/Loeb_e https://github.com | (Loeb et al., 2020)
t al 2020 /chrisroadmap/ar6
Figure 7.4 Code notebooks/270 _ch | MIT (Smith et al., https://github.com
2021) /chrisroadmap/ar6

apter7_fig7.4.ipyn
b

Do Not Cite, Quote or Distribute
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Figure 7.4 Data data_input/Marsha https://github.com | (Smith et al.,
Il_et al 2020_GR Ichrisroadmap/ar6 | 2018b, 2020;
L Hodnebrog et al.,

2020; Marshall et

data_input/Smith_ al., 2020)
et_al_ACP_2020 K
data_input/Smith_
et al GRL 2018
data_input/Hodneb
rog_et al 2020 n
pi

Figure 7.5 Code notebooks/060_ch | MIT: (Smith et al., https://github.com
apter7_fig7.5_SP 2021) /chrisroadmap/ar6
M_fig15.ipynb

Figure 7.5 Data data_input/Smith_ https://github.com | (Zelinka et al.,
et_al ACP_2020 [/chrisroadmap/ar6 | 2014; Smith et al.,

2020)

Figure 7.6 Code notebooks/100_ch | MIT (Smith et al., https://github.com
apter7_fig7.6:ipyn 2021) /chrisroadmap/ar6
b

Figure 7.7 Code notebooks/220 ch | MIT (Smith et al., https://github.com
apter7_fig7.7.ipyn 2021) /chrisroadmap/ar6
b

Figure 7.8 Code notebooks/230 _ch | MIT (Smith et al., https://github.com
apter7_fig7.8.ipyn 2021) /chrisroadmap/ar6
b
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Cross Chapter Box Code notebooks/box-71- (Nicholls et al., https://gitlab.com/

7.1 Figure 7.1 figure- 2021) magicc/aré-wgl
1/110_plot_box_7-
1 _emulator_overvi
ew_figure projecti
ons_panels.ipynb

Cross Chapter Box | Model datasets Data All below models https://esgf-

7.1 Figure 7.1 use historical and node.lInl.gov/sear
sspl26 ch/cmip6/

ACCESS-CM2
rlilplfl

ACCESS-ESM1-5
rlilplf1

BCC-CSM2-MR
rlilplfl

CESM2 r4ilplfl

CESM2-WACCM
rlilplfl

CMCC-CM2-SR5
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CNRM-CM6-1-
HR rlilp1f2

CNRM-ESM2-1
rlilplf2

CanESMb5
rlilpafl

CanESM5-CanOE
rlilp2fl

FGOALS-g3
rlilplfl

GISS-E2-1-G
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IPSL-CM6A-LR
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MIROC-ES2L
rlilplf2

MIROCSG rlilplfl

MPI-ESM1-2-LR
rlilplfl

MRI-ESM2-0
rlilplfl

UKESM1-0-LL
r4ilplf2

Cross Chapter Box
7.1 Figure 7.1

Data

data/raw/fair/v202
10211/semdatabas
e/FalRv1.6.2

data/raw/cicero/2.0
.1/scmdatabase/Ci
cero-SCM

data/raw/magicc/v

https://gitlab.com/
magicc/aré-wgl

(Meinshausen et
al., 2011a; Gasser
et al., 20173;
Smith et al.,
2018a; Nicholls et
al., 2020)
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20210217/output_
210 idealised_exp
eriments_2021 02
_17 _230201/MAG
ICCv7.5.1

data/raw/oscar/v20
210217/scmdataba
se/OSCARv3.1.1

Figure 7.10 Code ARG6_fbk_violin_p |‘MIT (Zelinka, 2021) https://github.com
lot.py /mzelinka/ARG_fi
gure
Figure 7.10 Data cmip56 feedbacks https://github.com | (Zelinka et al.,
_AR®6.json /mzelinka/AR6_fi | 2020)
gure
Figure 7.11 non-linearity in Code nonlin/nonlin_fgd. (Lunt, 2021) https://github.com
alpha pro /danlunt1976/
Figure 7.11 Data Models:
(Caballero and
Huber, 2013;

Jonko et al., 2013;
Meraner et al.,
2013; Good et al.,
2015; Duan et al.,
2019; Mauritsen et
al., 2019; Stolpe et
al., 2019; Zhu et
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al., 2019)

Proxies: (von der
Heydt et al., 2014;
Anagnostou et al.,
2016, 2020;
Friedrich et al.,
2016; Royer,
2016; Shaffer et
al., 2016; Kohler

et al., 2017;
Snyder, 2019; Stap
etal., 2019)
Figure 7.13 paleo polar Code patterns/fgd/plot_a (Lunt, 2021) https://github.com
amplification Il_fgd.pro /danlunt1976/ipcc
_aré
Figure 7.13 Data Paleo models:

(Haywood et al.,
2020; Zhu et al.,
2020, 2021;
Kageyama et al.,
2021; Lunt et al.,
2021; Zhang et al.,
2021)

Proxies:

(Bartlein et al.,
2011; Salzmann et
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al., 2013; Vieira et
al., 2018; Hollis et
al., 2019; Cleator
et al., 2020;
McClymont et al.,
2020; Tierney et
al., 2020)
Figure 7.16 Code notebooks/020_ch | MIT (Smitheet al:, https://github.com
apter7_fig7.16.ipy 2021) /chrisroadmap/ar6
nb
Figure 7.17 Code contributed/fig7.17 | MIT (Smith et al., https://github.com
fter_fgd.f 2021) [original /chrisroadmap/ar6
author Masahiro
Watanabe]
Figure 7.17 Data (Geoffroy et al.,
2013a; Smith et
al., 2020)
Figure 7.18 Code notebooks/330_ch | MIT (Smith et al., https://github.com
apter7_fig7.18.ipy 2021) [original /chrisroadmap/ar6
nb author Piers
Forster]
Figure 7.18 Data data_input/Schlun (Schlund et al.,
d_et_al_2020 2020)
Figure 7.19 Code patterns/fgd/plot_a (Lunt, 2021) https://github.com
Il_fgd.pro /danlunt1976/ipcc
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_aré
Figure 7.19 Data (Haywood et al.,
2020; Zhu et al.,
2020, 2021;
Kageyama et al.,
2021; Lunt et al.,
2021; Zhang et al.,
2021)
Figure 7.21 Code notebooks/320 ch | MIT (Smithet al., https://github.com
apter7_fig7.21.ipy 2021) [original [/chrisroadmap/ar6
nb author William
Collins]
Figure 7.21 Data data_input/fig7.20
Figure 7.22 Code notebooks/310 ch” | MIT. (Smith et al., https://github.com
apter7_fig7.22.ipy 2021) [original /chrisroadmap/ar6
nb authors Piers
Forster and
Michelle Cain]
Figure 7.22 Data (Nicholls and https://doi.org/10.
Lewis, 2021) 5281/zen0do.4589
756
FAQ 7.3 Figure 1 | CDO commands Code contributed/faq7.3 | MIT (Smith et al., https://github.com

and Python to plot
the data points

_figl

2021) [original
author Sophie
Berger]

/chrisroadmap/ar6
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FAQ 7.3 Figure 1

Input is ECS for
each model and
projected 2081-
2100 global
warming in
RCP8.5 and SSP5-
8.5 respectively:
69 CMIP5 and
CMIP6 model
outputs

Data

contributed/faq7.3
_figl

https://esgf-
data.dkrz.de/

[original data
from]

https://qgithub.com

[chrisroadmap/ar6
[processed data
stored at]

(Schlund et al.,
2020)

[END TABLE 7.5M.14 HERE]
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